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CHAPTER I. INTRODUCTION 
The United States is facing an energy problem arising from increasing 
demand for fossil fuel and its decreasing domestic supply. The nation is 
now more dependent on foreign oil than ever before. At the time of the 
Arab oil embargo in 1973, the United States was importing about one-third 
of its total domestic oil requirement whereas oil imports now total over 
one-half. The price of imported oil has jumped from about $2.50 per 
barrel in January 1973 to approximately $14.50 in January 1978 resulting 
in a sixfold increase since the embargo (100). After a recent meeting in 
Caracas in December 1979, the OPEC nations raised their oil prices to 
approximately $30.00 per barrel. This energy situation is exerting a 
heavy pressure on the U.S. economy by contributing to the inflation. 
There is a deep concern among the politicians, researchers, policy makers, 
and administrators over the nation's growing dependency on foreign oil and 
its vulnerability to rapidly increasing prices. 
Only about three percent of the nation's total energy is used for on-
farm agricultural production. Another 13 percent is consumed in the 
processing, distribution, and preparation of food (97). The importance 
of energy and its impact on U.S. agriculture, however, should not be 
underestimated because of its relatively small share in the total national 
energy consumption. Mammoth gains in agricultural productivity over the 
last five decades have been largely because of the technological innova­
tions that use energy either for their operations or for their manu­
facture. Any disruption in the availability of energy at a reasonable 
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price and in a required form, time, and place, therefore, would result in 
adverse effects on agricultural production. 
The adverse effects of an energy crisis on agriculture are not ex­
pected to be confined only within the United States but will be global. 
The "green revolution" in the developing nations may take a downturn be­
cause of its heavy dependence on energy inputs. The high yielding varie­
ties that brought success to the "green revolution" are intensive users 
of energy in the form of fertilizer, herbicides, pesticides, and other 
chemicals. These varieties are also heavily dependent on timely irriga­
tion which requires a substantial amount of energy for pumping operations. 
The success of the "green revolution" is, therefore, highly constrained by 
the availability of fossil fuel. The disruption in energy availability 
and energy's rapidly increasing price may place the challenging task of 
"abundant food for all" in a very difficult situation. The food shortages 
thus occurring would be of disastrous consequence to the world economy and 
human welfare in the wake of the world's growing population. Therefore, 
in the foreseeable future, all the countries together would be required to 
initiate a concerted effort to increase the world food production and food 
conservation under the situation of rapidly vanishing fossil fuels and 
mounting energy prices. 
For several years, the United States has dominated the world grain 
market by capturing more than half of the total world grain trade. Ex­
ports of U.S. agricultural products are extremely valuable and important 
to the importing nations and also to the United States. Whereas U.S. 
agriculture provides grains and fiber to many needful nations, it also 
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helps its own economy by earning a large amount of valuable foreign ex­
change. In 1978, it traded about $27 billion worth of agricultural prod­
ucts and helped the American economy reduce its vast trade deficit 
created by large oil imports. 
Thus, it is clear that while U.S. agriculture is using a very small 
fraction of total oil imports, it is helping the economy in making the 
payments for the large foreign oil bills. It, therefore, can be assumed 
that exports of U.S. crop commodities would be of paramount importance to 
its economy in the foreseeable future. Energy policies must complement 
rather than contradict the equally important goal of abundant food sup­
plies, both for domestic use at reasonable prices and also for vital 
foreign exchange. One, however, should note that the future growth in 
foreign demand for U.S. farm products will be accompanied by fluctuation 
of varying amplitude depending upon the extent of weather influence on the 
agricultural production in the importing nations. This stochasticity in 
the export demand has been observed in the past and is expected to con­
tinue in the future. Therefore, one should carefully recognize the 
nature, complexity, and dimension of the energy problem in agriculture 
while looking for a solution. With this in view, a brief discussion on 
energy utilization, production, trade, and its relationship with agricul­
tural production is being presented in the following sections. 
Energy Situation 
Trends in U.S. energy use 
Consumption of energy in the United States increased in direct pro­
portion to its increase in population until about 1900. Figure 1 shows 
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Figure 1. Historical trends in U.S. energy consumption (45) 
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that dependence on wood, then a primary fuel, gave way to coal in the 
later part of the 19th century. The credit for a surge in energy con­
sumption after 1900 goes to the discovery of petroleum and gas which were 
easy to transport and also convenient to use. Between 1900 and 1960 the 
average growth rate of energy consumption had been about three percent. 
During 1960-70 the overall growth rate increased to 4.2 percent and the 
present rate of growth of energy use is as high as 5.1 percent (32,53). 
The United States is the biggest consumer of energy in the world. 
Per capita energy consumption in the United States at present is more than 
double that of other industrialized nations, more than five times the 
world average, and more than 10 times that of the developing nations (53). 
Table 1 shows the world's energy consumption by regions and also by energy 
sources. The energy sources given in the table are solid fuels, liquid 
fuels, natural gas, hydropower and geothermal, and nuclear power. In 
1976, the United States consumed about 30 percent of the world's total 
energy, whereas it accounted for only five percent of the total world 
population. This fact alone clearly reveals the tremendous amount of 
additional energy that is consumed in the United States compared to the 
rest of the world. Table 1 also shows a big increase in liquid fuels and 
natural gas usage during the 1960-76 period. The world consumption of 
solid fuel remained approximately at the same level during this period. 
Although the share of nuclear power is very small in total world energy 
consumption, a big increase in its absolute consumption level is noticed 
during the same period of time. For the United States, the share of 
liquid fuel of its total energy consumption increased by only three per-
Table 1. World energy consumption, by region and energy source (99) 
Consumption 
(in millions of metric tons of coal equivalent) 
Region and energy source 1960 1965 1970 1973 1974 1975 1976 
World total 4,245.6 5,219.7  6,781.8 7,766.9 7,815. 9 7,877.3  8,318.4 
United States 1 ,475.1 1,774.3 2,258.8  2,469.8 2,401.  3 2,352.9  2,485.5 
Western Europe 831.2 1,057.0 1,368.2 1 ,546.9 1,519. 9 1,470.9 1 ,573.0 
Japan 109.1 178.5 345.1 425.8 421. 5 403.7 414.9 
Centrally planned economies 1,353.9 1,563.9 1,907.4 2,227.5 2,322.  2 2,452.1  2 ,569.8  
Rest of world 476.3 646.0 902.3 1 ,096.9 1 ,151 . 0 1 ,197.7 1,275.2 
Energy source: 
Solid fuels 2,205.7 2,254.7 2,409.5 2,477.8 2,523.  ,7 2,599.7  2,696.0 
Liquid fuels 1,361.8 1,966.5 2,913.7 3,572.2  3 ,523.  ,9 3,495.9 3,733.0 
Natural gas 593.1 882.2  1,304.1 1,531 .7 1,561, ,0 1 ,560.3 1,661.6  
Hydropower and geothermal , 84.7 113.3 144.8 161.7 177, .1 179.2 178.9 
Nuclear .3 3.0 9.7 23.5  30, .3 42.2 48.9 
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cent during 1960-76. The share of natural gas in total U.S. energy use 
remained constant approximately at 28 percent over this period (99). Al­
though not much change is found in the relative share of crude oil con­
sumption during 1960-75 in the United States, the absolute consumption of 
crude oil almost doubled from 9.8 million barrels per day in 1960 to 17.8 
million barrels per day in 1977. During the same period, however, the 
rest of the world increased its crude oil consumption from 6.2 million 
barrels to 23.3 million barrels per day. Thus, though average consumption 
of energy per capita is highest in the United States, the rate of increase 
in the recent years in its consumption has been higher in almost all 
countries of the world compared to the United States (53). 
Future trends in energy consumption in the United States are diffi­
cult to predict--for example, in 1974 energy consumption did not increase, 
partly because of the quadrupling in the prices of imoorted petroleum and 
partly because of a downturn in the economy. The general increase in the 
cost of all forms of energy is expected to stimulate efforts to produce 
and use energy more efficiently with a consequent shift in historical 
growth pattern. Also, conservation of energy and reduction in its con­
sumption growth rates appears to be of paramount importance in the near 
future (83). 
Trends in U.S. energy production 
Primary energy (coal, crude oil, natural gas, hydroelectric, and 
nuclear power) production in the United States has been nearly constant 
since 1970, shown in Table 2. However, there have been changes in the 
levels of production of different energy sources, shown in Table 3. Pro­
duction of coal, hydroelectric and nuclear energy has increased over the 
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Table 2. Primary energy production in the United States for selected 
years (11) 
Primary energy production 
Year (in thousand barrels per day of oil equivalent) 
1960 21,143 
1965 24,918 
1970 30,801 
1971 30,392 
1972 30,911 
1973 30,867 
1974 30,214 
1975 29,788 
1976 29,548 
1977 29,678 
Table 3. Primary energy production by type in the United States for 1965, 
1970, and 1977 (11 ) 
(thousand barrels per day of oil equivalent) 
Type of energy source 1965 1970 1977 
Coal 6,531 7,341 7,716 
Crude oil 9,545 11,380 8,200 
Natural gas 7,819 10,686 9,701 
Hydroelectric and 
nuclear power 1,023 1,394 2,461 
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years in the United States whereas a decline in crude oil and natural gas 
production has occurred over the 1970-77 period. Over this period pro­
duction of crude oil has decreased by a substantial amount of 2.5 million 
barrels per day. The current levels of U.S. crude oil and natural gas 
production are about 8.3 million barrels per day and 21.3 trillion cubic 
feet per year, respectively (35). Table 4 shows world production of crude 
oil, natural gas, and coal by region. The table shows world production of 
crude oil, natural gas, and coal by region. The table reveals that where­
as production of crude oil and natural gas has decreased since 1970 in the 
United States, their production increased in other producing nations. The 
maximum increase in crude oil production has occurred in Middle East na­
tions whereas Sino-Block has increased natural gas production more than 
any other country in the world. An increase in coal production is ob­
served for all countries including the United States. A clear shift, 
thus, from crude oil and natural gas to coal production is observed for 
the United States. 
U.S. energy reserves 
Table 5 shows the proven reserve of crude oil, natural gas, and coal 
in different countries at the year end 1977. Saudi Arabia stands first in 
crude oil reserve with an estimated maximum amount of 150 billion barrels. 
Kuwait follows Saudi Arabia with a reserve of 57 billion barrels. Russia 
and Iran have the largest amount of natural gas reserves estimated at 989 
and 500 trillion cubic feet, respectively. Comparatively, the United 
States is left with only 30 billion barrels of crude oil and 210 trillion 
cubic feet of natural gas. It is estimated that the United States would 
Table 4. World production of crude oil, natural gas, and coal by region for selected years (99) 
Fuel and region 1960 1965 1970 
Production 
1973 1974 1975 1976 
Crude oil (mil. bl1.) 
Worl d 7,674 11,063 16,711 20,368 20,539 19,502 21,192 
United States 2,575 2 ,849 3 ,517 3,361 3,203 3,057 2,976 
Other W. hemisphere 1,555 1,979 2,377 2 ,542 2 ,405 2,123 2,113 
Western Europe 99 131 116 114 116 200 312 
Africa 105 812 2 ,207 2,161 1 ,990 1,826 2,135 
Middle East 1,923 3,054 5,096 7,745 7,987 7,161 8,116 
Far East and Oceania 202 246 503 816 816 806 923 
Sino-Soviet bloc 1,215 1,993 2 ,896 3 ,629 4,022 4,329 4,617 
Natural gas (bil. cu. ft.) 
World 16,917 24,537 37,664 46,144 47,179 47,518 49,459 
United States 12,771 16,040 21,921 22,648 21,601 20,109 19,952 
Other W. hemisphere 1,299 2,268 3 ,554 4 ,735 4 ,712 4,766 4,790 
Western Europe 432 671 2,751 5,148 5,837 6,032 6 ,345 
Africa 6 70 122 586 594 759 906 
Middle East 57 171 460 1,277 1,423 1,437 1,493 
Far East and Oceania 158 166 525 792 895 983 1,209 
Sino-Soviet bloc 2,194 5,152 8,331 10,958 12,117 13,432 14,764 
Coal (mil. sh. tons) 
World 2,859 3,079 3,317 3,404 3,459 3,613 3,712 
United States 434 527 613 599 607 655 685 
Other W. hemisphere 21 22 28 35 35 42 43 
Western Europe 618 601 500 466 439 497 467 
Africa 48 59 66 75 77 82 91 
Table 4. (Continued) 
Fuel and region 1960 1965 1970 
Production 
1973 1974 1975 1976 
Middle East 11 10 10 12 19 21 22 
Far East and Oceania 189 237 240 233 250 278 288 
Sino-Soviet Bloc 1 ,578 1,622 1 ,861 1,984 2,032 2 ,038 2 ,116 
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Table 5. Proven reserve of crude oil, natural gas, and coal in different 
countries at the year end 1977 (11) 
Crude oil Natural gas Coal 
(bill ion (trillion (mil 1 ion 
Name of country barrels) cubic feet) metric tons) 
U.S. 30 210 178,600 
Canada 8 71 9,400 
Norway 8 25 N.A.a 
U.K. 20 46 45,000 
West Germany _b 7 34,400 
Abu Dhabi 31 20 0 
Algeria 7 125 N.A. 
Brazil 1 1 8,100 
Equador 2 5 0 
Egypt 4 3 -
India 3 4 33,700 
Indonesia 10 24 1,400 
Iran 62 500 200 
Iraq 34 28 0 
Kuwait 67 32 0 
Libya 25 26 0 
Mexico 30 43 900 
Nigeria 19 43 100 
Oman 6 2 0 
Quatar 6 40 0 
Saudi Arabia 150 85 0 
South Africa 0 0 26,900 
Syria 2 3 0 
Venezuela 14 41 1,000 
U.S.S.R. 35 989 109,900 
Poland - - 21,800 
Rumania 1 9 400 
China 20 25 98,900 
North Korea 0 0 8,000 
Yugoslavia 2 8,500 
^N.A. - not available. 
negligible. 
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deplete its known natural gas reserve within 25 years, whereas only about 
10 years would be needed to dry up its total crude oil reserves, if the 
consumption continues at the 1977 rate. The United States, however, has 
the largest reserve of coal in the world totaling about 178,600 million 
metric tons. This reserve of coal can provide the U.S. with energy for 
hundreds of years to come. Thus, the future supply of energy in the 
United States is expected to come primarily from coal mining and nuclear 
energy developments subject to the environmental and health safety regu­
lations. 
U.S. energy gap and trade 
United States production of energy in recent years has declined, 
whereas its consumption has increased at a faster rate. Therefore, it 
gradually increased its energy import to supplement the falling domestic 
production and also to match the increasing demand. The major source of 
total shortfall in domestic production of energy is petroleum. The United 
States consumes more than three billion barrels more petroleum per year 
than it produces domestically. Natural gas production has remained fairly 
close to consumption since 1950. In coal, the United States actually pro­
duces more than it consumes. The United States has been a significant net 
exporter of coal for the last 20 years. These coal exports, however, are 
no way near large enough to compensate for the shortfall in petroleum pro­
duction. As a result, the net gap between domestic production and con­
sumption of energy has grown over 10 quadrillion BTU^ per year (35). 
^One BTU (British Thermal Unit) is the amount of heat required to 
raise the temperature of one pound of water by one degree Fahrenheit at or 
near 39.2°F. 
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Figure 2 shows that the disparity between production and consumption 
began to be apparent only in the late 1950s. It remained fairly constant 
until 1970 and then the gap significantly increased. Table 6 shows that 
the United States imported a relatively small percentage of oil from Arab 
nations until the last few years. Venezuela, Indonesia, Canada and Iran 
supplied almost all of its petroleum in early 1970. However, lately the 
United States has come to rely more and more on oil coming from Saudi 
Arabia, Kuwait, Algeria, Libya, and other Arab states. Daily import of 
crude oil for the United States has more than doubled since 1970. It im­
ported only about 3.4 million barrels of crude oil per day in 1970 but 
during 1977 the import was as much as 8.7 million barrels a day. Besides 
this big jump in import of crude oil, the prices have increased by more 
than sixfold since 1973. This has caused a dramatic change in the balance 
of payment situation of the U.S. A surplus balance of payment situation 
now has turned into a deficit one. Whereas the U.S. payments for imported 
oil were approximately three billion dollars in 1970, they accounted for 
more than 45 billion dollars in 1977. This tremendous outflow of foreign 
exchange has placed the U.S. economy into a very difficult situation. The 
economy is suffering from inflation and the large foreign oil bill is one 
of the important factors responsible for this situation. Also, the value 
of the U.S. dollar slumped against many foreign currencies in the inter­
national money market mainly as a result of large imported oil bills. 
Food Situation 
The United States is a major food producing nation in the world. It 
produced about 24 percent of total world grain production in 1977 and also 
15 
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Figure 2. U.S. energy production and consumption, 1947-73 (29) 
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Table 6. Percentage distribution of crude oil imports into the United 
States by country of origin from 1970 to 1977 (99) 
Country 1970 1973 
Percent distribution 
1974 1975 1976 1977 
Total imports 100.0 100.0 100.0 100.0 100.0 100.0 
Algeria .4 3.7 5.2 6.4 7.7 8.2  
Angola a 1.5 1.4 1.8 .1 .3 
Canada 50.7 30.8  22.8  14.6 7.0 4.2 
Ecuador - 1.4 1.2 1.4 1.0 .8 
Egypt 1.7 .4 .2 .1 .3 .5 
Indonesia 5.4 6.2 8.1 9.2 10.1 7.6 
Iran 2.5 6.7 13.3 6.8 5.6 8.0 
Iraq - .1 .2 (Z)b .5 1.2 
Kuwait 2.5 1.3 .2 .1 (Z) .6 
Libya 3.5 4.1 .1 5.4 8.4  10.6 
Mexico - (Z) .1 1.7 1.7 2.7 
Nigeria 3.5 13.9 20.0 18.2 19.2 17.1 
Norway - - (Z) .3 .7 .8 
Qatar - .1 .3 .5 .5 1.1 
Saudi Arabia 3.1 14.3 12.6 17.1 23.1 20.9  
Trinidad (Z) 1.9 1.8 2.8  2.0 2.0 
United Arab 
Emirates 4.8 2.2 2.0 2.9 4.8 5.0 
Venezuela 20.3 10.6 9.1 9.6 4.5  3 .8  
Other 1.6 .6 1.4 1.1 2.8  4.5 
represents zero. 
^(Z) less than 0.05 percent. 
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shared more than 50 percent of total world exports of food and feed 
grains. These commendable achievements are the results of past govern­
mental policies and technological developments (55,70). In the beginning, 
cheap land and other inexpensive inputs encouraged farmers to increase 
agricultural production by expanding the use of these inputs. Gradually, 
technological innovation and mechanization of agriculture accelerated its 
growth and productivity, creating a large capacity for agricultural produc­
tion. Several studies have shown that the United States has tremendous 
potential and capacity to increase and adjust its agricultural production 
further and can meet very high levels of export demands (24,28,40,41,74). 
During the 1910-1970 period, agricultural output increased by 181 percent, 
whereas input use increased only 17 percent resulting in a 140 percent in­
crease in United States agricultural productivity (23). A discussion on 
energy input and agricultural productivity is presented in the next sec­
tion. 
The importance of agriculture in the U.S. economy has increased be­
cause of its role as an exporting industry. Hence, this growing contribu­
tion prevails even though the economy is increasingly industrialized and 
urbanized. In recent years its importance has grown by manifolds because 
of its expanding capacity of earning foreign exchange. In 1976, when the 
nonagricultural sector had a trade deficit, an agricultural trade surplus 
counterbalanced it to yield a net positive trade surplus of 3.5 billion 
dollars for the nation (75). 
It should be noted, however, that the excess capacity of U.S. agri­
culture was a major persistent problem for its economy until 1972. Before 
1972, total agricultural commodity supply always exceeded its total demand 
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creating a downward pressure on farm prices and income. In the middle of 
1972, foreign demand for U.S. agricultural products increased drastically 
and since then it remained at higher levels (84). A number of factors 
such as Russian wheat purchases, devaluation of American currency, crop 
shortfalls in major production areas, and the poor anchovy fish harvest 
off the coast of Peru were held responsible for the dramatic increase in 
export demand for U.S. crop products in 1972 (41). Following are the fac­
tors that explain the recent growth in foreign demand for U.S. crop com­
modities (28): a) The world population is increasing by about 70 million 
annually. Rapid population growth in the countries where domestic food 
production already is lagging behind their food demand is necessitating 
greater imports, b) Income levels have increased steadily over the world. 
Additional increase in income in the developing nations has led to in­
creased demand for food because of its high income elasticity in those 
countries. 
U.S. grain exports are at record levels in both quantity and value 
since 1973. The value of export of agricultural products jumped from 
12.9 billion dollars in 1973 to 27 billion dollars in 1978 (84). In spite 
of the expansion of world food and feed production, many areas and coun­
tries continue to experience food deficits. A worldwide energy crisis be­
cause of its reduced supply and/or very high prices is expected to con­
strain the expansion of food production in the foreseeable future. This 
situation clearly indicates the increasing importance of agriculture in 
surplus food producing countries in the coming years. This is particular­
ly true for the United States which shared nearly 64 percent of total 
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world coarse grain exports in 1978-79 and is expected to account for 70 
percent in 1979-80 (93). This, in turn, is expected to bring a record 
level of valuable foreign exchange totaling between $35 to $40 billion in 
1980. An import to the amount of $16 to $19 billion of agricultural prod­
ucts is estimated for the same year resulting in an agricultural trade 
surplus of about $20 billion (92). This surplus will certainly help the 
economy in reducing its large trade deficit mainly created by large oil 
imports. 
But, while domestic demands for future years can be estimated with 
relatively minor errors, foreign demands for U.S. agricultural products 
are highly uncertain subject to weather conditions, political decisions, 
and world monetary situation. Therefore, even if there would be a growth 
in U.S. food export levels in the foreseeable future, one should also 
expect fluctuations across this growth from year to year. 
Energy Input and Agricultural Productivity in U.S. 
The importance of the use of energy in reducing human labor and im­
proving the agricultural productivity is clearly demonstrated by the im­
pact of the introduction of tractors and widespread use of fertilizers, 
herbicides, and insecticides in the U.S. farm sector. Petroleum forms the 
basis for these technologies in the forms of gasoline and diesel fuel to 
run the internal combustion engines and as raw material for the production 
of farm chemicals. Between 1910 and 1977 the number of tractors on U.S. 
farms increased from merely one thousand to 4,402 thousands and the total 
labor requirement was reduced from 22.9 billion man hours to 4.7 billion 
man hours. Only 3.6 percent of the total population now works on the 
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farms, whereas 34.9 percent worked in 1910. However, between 1967 and 
1977, tractor horse power on U.S. farms increased by 39 percent, whereas 
the total production increased by only 25 percent (84). It also is esti­
mated that the increase in output over the years was achieved at a de­
creasing efficiency in total energy use (53). The case of corn provides a 
good example to substantiate this claim. The yield of corn, the most im­
portant crop in the United States, has increased from 26 bushels per acre 
in 1909 to 88 bushels per acre in 1976. This sharp rise in productivity 
is attributed mainly to the increased use of fertilizers, insecticides, 
and herbicides, and most recently through the use of high yielding hybrid 
varieties. This increase in productivity has been accompanied, however, 
by a decreasing efficiency in terms of energy--for every calorie of energy 
input the calories produced in the form of grain has dropped from 3.70 to 
2.82 (53) .  
Table 7 shows that less than 25 percent of the total energy in agri­
culture was used in on-farm activities in 1970, whereas processing indus­
try consumed about 39 percent of it. However, while the share of on-farm 
energy use has increased in 1970 as compared to 1940, the share of proc­
essing industry in energy use has decreased during the same period. This 
increase in the share of on-farm activities in total energy use in the 
U.S. food system has resulted mainly from the increased use of fertilizer, 
farm machinery, and electricity over the period 1940-70. 
As energy becomes more scarce and its cost increases over time, the 
optimum economic cropping pattern is expected to shift back toward tradi­
tional, less energy intensive methods like using the rotation of crops 
Table 7. Energy use in the U.S. food system from 1940 to 1970 (53) 
(in trillions of BTU) 
Component 1940 1950 1960 1970 
On farm 
Fuel (direct use) 277.8  626.9 746.0  920.6 
Electricity 2.8  130.5 182.9 253.2  
Fertilizer 49.2  95.2 162.7 373.0 
Agricultural steel 6.3  10.7  6.7 7.9 
Farm machinery 35.7 119.0 206.3 317.4 
Tractors 50.8  122.2  46.8 76.6  
Irrigation 71.4  99.2  132.1  138.9  
Subtotal 493.6 1,203.9 1 ,484.0  2 ,087.6 
-ocessing industry 
Food processing industry 583.3  761.9 888.8  1 ,222.1  
Food processing machinery 2.8  19.8 19.8 23.8  
Paper packaging 33.7  67.5 111.1 150.8 
Glass containers 55.6 103.2 123.0 186.5 
Steel cans and aluminum 150.8 246.0 341.2 484.1 
Transport (fuel) 196.8  404.7 608.3  979.7 
Trucks and trailers (manufacture) 111.1 196.4 175.4 293.6  
Subtotal 1,133.7  1 ,799.5 2 ,267.7  3 ,340.7 
immercial and home 
Commercial refrigeration and 
cooking 480.1 595.2 738.8  1 ,043.6  
Refrigeration machinery (home 
and commercial) 39.7  99.2  127.0  242.0  
Home refrigeration and cooking 572.2  802.7  1 ,097.5  1 ,904.6 
Subtotal 1,092.0 1,497.1 1 ,963.4 3 ,190.3 
Grand total 2,719.3  4,500.5 5 ,715.1 8, ,618.4 
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with nitrogen rich legumes, more use of minimum tillage practices, use of 
livestock manures, and the increased use of manpower. 
Objectives of the Study 
The present study does not attempt to provide an overall answer for 
an energy problem related to agriculture, but it does try to provide some 
insight as to how U.S. food, feed, and fiber production, their demand and 
prices may be affected by high as well as low prices of energy under a 
very strong and also an uncertain foreign demand for U.S. agricultural 
products. Specifically, the objectives of the present study are: 
1. To estimate acreage use by various crop commodities under alter­
native energy and export situations for 1985. 
2. To estimate the equilibrium quantities and equilibrium prices of 
endogenous crop commodities. 
3. To determine the shifts in production pattern of crop commodities 
in the United States. 
4. To estimate the quantities of various resources used in crop 
production. 
5. To estimate the rental prices for the use of fixed resources. 
6. To estimate U.S. exports of various crop commodities in 1985. 
7. To estimate food costs, export revenue, and net return to crop 
sector for 1985 under alternative energy and export situations. 
To attain the above objectives, a national quadratic programming 
model of self-dual nature is formulated. The model is then solved by 
using separable programming. With uncertainty incorporated in export de­
mand, the model also is solved under a chance constrained programming 
framework. A discussion on methodology and development of the model is 
presented in Chapters III and IV. 
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CHAPTER II. REVIEW OF LITERATURE 
Several studies have been conducted since early 1970 to examine the 
relationships between energy and agricultural production. This chapter 
is devoted to a brief review of some of these studies that are important 
and pertinent to the present analysis. 
Perelman (65) in 1972 suggested that measuring the efficiency in 
terms of output per unit of energy will be more relevant than measuring it 
in terms of output per labor unit in the wake of growing scarcity of 
energy. Doing so, he found that U.S. agriculture is operating very 
inefficiently. 
In 1973, Hirst (44) provided some very useful and initial estimates 
on the amount of energy used in food related activities in the United 
States. This study provides some insight as to where and how much energy 
is used in U.S. agriculture. 
Pimentel et al. (66) in 1973 constructed energy budgets for U.S. corn 
grain for the years 1945, 1950, 1954, 1959, 1964, and 1970 and concluded 
that while employing the modern energy intensive agricultural technology 
in U.S. corn production, an energy equivalent of 1.2 billion gallons of 
fuel per day would be required to feed the world's four billion people. 
Thus g iven the known wor ld  pet ro leum reserve,  the food product ion a lone 
will use it up merely within 29 years.^ 
In an extensive study conducted in 1974, the Subcommittee on Agricul­
tural Credit and Rural Electrification (89) examined the energy consump-
^A detailed criticism of Pimentel et al. (66) is presented in Nelson, 
Burrows, and Stickler (62). 
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tion in farm production, farm family living, food processing, marketing 
and distribution, and selected input industries in 1970. It projected 
that energy demand by food and fiber industries will rise by 11.3 percent 
in 1980, if the ratio of output per energy input remains at the 1970 
level. The study evaluated some energy conservation methods in agricul­
ture and concluded that the reduced tillage is the major means of achiev­
ing energy conservation goals. 
In a study in 1974, Raikes and Harris (69) concluded that corn price 
changes have a much greater impact on the optimal harvest strategy than 
propane price changes. The propane demand for drying corn is esti­
mated to be very inelastic with respect to its own price but found to be 
quite elastic with respect to corn price. 
Quite a few studies are available providing the estimates of energy 
requirements for the production of different agricultural inputs and for 
the different farm operations. In 1974, Whittmuss, Olson, and Lane (104) 
demonstrated that energy input for field operations in corn and sorghum 
can be reduced as much as 83 percent by adopting minimum tillage 
practices. In the same year,White (103) gave some information on energy 
requirements in fertilizer production and discussed the relationships be­
tween food production and fertilizer demands. In 1975, Dvoskin, Nicol, 
and Heady (27) quantified the energy requirements to obtain and apply one 
acre-foot of water for 58 producing areas of the 17 U.S. western states. 
Nalewaja (61) in a study in 1975 described the energy needs for different 
weed control methods ranging from hand weeding to herbicide use. He 
showed that nearly 17.7 million people would be required for hand weeding 
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to achieve the same level of effectiveness that is acquired from herbicide 
use in corn alone in the U.S. 
In 1974, Carter and Youde (9) provided a good discussion on some 
possible effects of the changing energy situation on U.S. and world agri­
culture. They predicted that demands for the products with high income 
elasticities like meat and frozen food will decline, whereas demands for 
"staple" products like wheat and other cereals with low income elastici­
ties will increase as the energy prices rise. The issue of food reserves 
will assume greater importance because of increasing world economic un­
certainty and volatility related to energy price increases. Energy prices 
also are likely to affect world demand for agricultural products indirect­
ly through their impact on world inflation, balance of payments, economic 
growth rates and relative currency valuations. 
In 1976, Dvoskin and Heady (25) made a detailed analysis of U.S. 
agriculture under a possible energy crisis. The study examines resource 
use and prices, crop location and utilization, food costs, commodity 
prices, farming methods and environmental impacts under limited energy 
supplies and high energy prices. They also looked into the possible im­
pacts on important economic variables if energy use is minimized in agri­
culture. Doing so, they found that some of the activities will use more 
energy, whereas others will reduce it. They concluded that an energy 
shortage will have more severe impact on U.S. agriculture than increased 
prices of energy. 
In an article in 1976, Penn et al. (64) reported the results of a 
system analysis of the short-run economic effects of alternative situa-
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tions involving reduced energy availability. Itwas shown that textile 
related sectors which are the large users of natural gas will be severely 
affected by a gas shortage. 
Adams, King, and Johnston (1) in 1977 analyzed some of the impacts of 
energy cost increases and reduced supplies on the production of annual 
field crops and vegetables in California. They found that whereas the 
effect of cut back in both fertilizer and fuel resulted in a sharp reduc­
tion in production of field crops and also of vegetables, a reduction 
in nitrogen supplies sharply reduced the acreage of field crops only. 
In 1977, Kliebenstein and Chavas (49) pointed out that energy price 
increases will affect other price adjustments in the economic system. 
Significant energy price increases will have differing impacts on non-
energy input and output prices, which in turn will influence the choice of 
crop and livestock production activities and also the economic feasibility 
of adopting the new technologies. 
Dvoskin, Heady, and English (26) in 1978 estimated that natural gas 
deregulation would increase total agricultural energy costs by 23.5 percent 
in 1985. At the same time the natural gas price will increase by 125.9 
percent, but its use in agriculture will decline by merely 3.4 percent. 
A large number of studies on the energy problem at regional levels are 
also available. In 1976, Mapp and Dobbins (54) showed that in the Okla­
homa panhandle region rising natural gas prices increased the cost of 
pumping irrigation water and reduced the level of net returns associated 
with irrigated crop production. In an article in 1978, Caps and Havlicek 
(8) determined the demand relationships for gasoline and diesel fuel in 
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agricultural use and identified the major factors that affect these rela­
tionships. They noted that the agricultural sector of Virginia adjusts to 
change in economic factors and other variables influencing the demand for 
gasoline and diesel fuel. Farmers are responsive to increases in the real 
price of gasoline and diesel fuel when given 9 to 15 months to adjust 
their use pattern in Virginia. However, in a recent study in 1979, 
Miranowski (59) indicated that farmers in Iowa are insensitive to 
moderate increase in energy prices but are quite responsive to substantial 
increase. He also showed that some energy conserving or substituting 
technologies may now be feasible for adoption while others may never be­
come viable unless a drastic rise in energy prices occurs. Some other 
energy related studies at state levels are those by Lane, Fischbach, and 
Teter (52) for Nebraska; Cervinka et al. (12) for California; Gunkel 
et al. (37) and Casier and Erickson (10) for New York; and Coble and 
LePori (16) for Texas. 
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CHAPTER III. METHODOLOGY 
A brief discussion on the methods leading to the development of the 
present model is presented in this chapter. A self-dual quadratic pro­
gramming model has been formulated to achieve the objectives of this 
study. The model is then solved by using separable programming. With 
uncertainty incorporated in export demand, the model also is solved under 
a chance constrained programming framework. 
A description of the model and an outline of the selected alterna­
tives evaluated in this study are presented in Chapter IV. 
Linear and Nonlinear Programming 
While defining the linear programming (LP) problem, Dorfman, 
Samuelson, and Solow (20, p. 8) noted: 
The mathematical definition of linear programming is simple. It 
is the analysis of problems in which a linear function of a number 
of variables is to be maximized (or minimized) when those varia­
bles are subject to a number of restraints in the form of linear 
inequalities. That definition is a bit arid, to be sure, but 
there is nothing difficult about it. 
The difficulties begin to enter when we raise the question 
of applying methods derived from linear programming to economic 
problems. Notice that the word 'linear' occurred twice in stating 
the mathematical definition of linear programming. Can economic 
problems be cast in this strict format without doing them mortal 
violence? On the surface it may not seem so. The U-shaped cost 
curves, the gently curving isoquants, the nests of indifference 
lines on which so much of economic theorizing depends seem to 
stand in the way of expressing meaningful economic problems in 
terms of strictly linear relationships. 
Yet it can be done, and with advantages. 
Indeed, the advantages of using LP to economic problems are so great that 
it has been used quite frequently and successfully in numerous studies 
over the past three decades after the book Activity Analysis of Production 
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and Allocation edited by Koopmans (50) was published in 1951. In the 
agriculture related studies, LP models have been widely used to determine 
optimal patterns of resource use, production location, and transportation 
flows to minimize the total cost of meeting fixed levels of final demands 
under various resource restraints (15,24,25,28,40,41,42,55,74). Mathe­
matically a typical LP problem can be expressed as (Problem I) 
max(min)Z = c'x (la) 
subject to 
Ax £ b (lb) 
X 2 0 (Ic) 
where c is a n x 1 vector of known constants; x is a n x 1 vector of de­
cision variables; A is a m x n matrix of known constants; and b is a 
n X 1 vector of constants. The problem is to find a set of x, the deci­
sion variables, that maximizes (minimizes) the objective function (la) and 
satisfies the constraints (lb) and (Ic). Objective function is linear in 
x and the constraints are in the form of linear inequalities. The details 
of linear programming are not presented here. The important concepts and 
usual assumptions involved in a LP are discussed in (2,38). The computa­
tional details and procedure involved in obtaining a solution to a LP 
problem are given in (19,43,76). 
The main advantage of a LP formulation is that its objective function 
and constraints are linear, and given the correct data, algorithms are 
available that solve it efficiently for an optimal solution. However, 
under certain circumstances this condition of linearity may not prevail 
and therefore alternative types of models are needed to be applied. For 
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example, prices are assumed to be exogenous to an individual in a perfectly 
competitive economy and therefore, LP gives him a reasonable solution by 
finding out an optimal bundle of output. But for the aggregative quanti­
ties, demand functions are downward sloping and a method is needed to de­
termine both prices and quantities endogenously. An appropriate step 
towards this direction is to develop a model that incorporates a market 
equilibrium condition and is also capable of providing all the information 
that a LP model does. Nonlinear programming (NLP) models are, therefore, 
developed and used under the circumstances where LP models can no more be 
applied with their usual advantages. NLP models in most cases can reflect 
real world situations better than a LP model. In addition to conventional 
linear problems, discontinuities, downward sloping demand curves, and 
other nonlinear problems can be handled in a NLP model. However, while 
solving a NLP problem, one often has no prior knowledge that an optimal 
solution will be reached or that an optimal solution will be global and 
not a local one."' Global optimum can be reached only when certain condi­
tions are met. For a maximizing problem, if the objective function is 
concave and differentiable and constraint set in convex, feasible, and 
also differentiable, then Kuhn-Tucker conditions, which are both necessary 
and sufficient under this situation, guarantee reaching of a global opti­
mal solution (51). If the problem is one of minimization, the objective 
function is required to be convex instead of concave in addition to other 
conditions stated for the maximizing problem to ensure the attainment of a 
detailed discussion on local and global optimum has been given by 
Hadley (39). 
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global optimal solution. Mathematically, a NLP problem can be expressed 
as (Problem II) 
max Z = f(x) (Ila) 
subject to 
g^(x) £ b^. i = 1, 2, m (lib) 
X > 0 (lie) 
where the objective function (lia) is maximized subject to the constraints 
(lib) and (lie), x is a vector of n decision variables. Objective func­
tion and constraints are nonlinear in x. This NLP problem will reach a 
global maximum if f(x) is a concave function and the g^-(x) are convex 
functions (and also differentiable) and there exists a set of nonnegative 
values of X-, i = 1, 2, ..., m such that 
- i!/ i ax. 
• 1 0 j = 1, 2, . .., n (1) 
m 
- S 
i=l ^ 3Xj] - ° 
1 = 1, 2, . .., m (2) 
A,[b. - g, 1
—
t 
X
 = 0 1 = 1, 2, . .., m (3) 
9i(x) 1 b^ i = 1, 2, .. ., m (4) 
X. > 0 1 — j = 1, 2, .. ., n (5) 
Equations (l)-(5) are known as Kuhn-Tucker conditions, and in this case, 
they are necessary as well as sufficient to guarantee the existence of a 
global optimal solution. A thorough discussion of these conditions has 
been made by Hadley (39) and is not presented here. 
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Because of the large and cumbersome mathematical algorithm, until 
now only a few NLP models have been built and solved. However, relatively 
more efficient algorithms for solving the quadratic programming problems 
are available and are, therefore, more readily used. A brief discussion 
on quadratic programming follows. 
Quadratic Programming 
A quadratic programming (QP) problem is a special kind of NLP problem 
in which constraint set is linear and the objective function is the sum of 
linear and quadratic terms. Mathematically, a QP problem is expressed as 
(Problem III) 
max Z = c'X + x'Px (Ilia) 
subject to 
Ax < b (Illb) 
X 2 0 (IIIc) 
where vector c, vector x, vector b, and matrix A are the same as defined 
earlier for Problem I. P is a n x n negative semidefinite matrix of known 
constants. 
Quadratic programming is not a complete nonlinear programming, but 
performs better than linear programming in simulating the real world 
situations, e.g., QP models can be used for determining the equilibrium 
prices and quantities of agricultural products endogenously. The QP 
model, however, will still have the limitation of incorporating only 
constant return to scale because of the linearity of constraint set. In a 
pure NLP formulation, this limitation can be eliminated by incorporating 
33 
nonlinear constraints. Detailed discussions on the concepts of quadratic 
programming and their applications to agriculture are given in Meister, 
Chen, and Heady (56), Olson et al. (63), and Stoecker (77). 
•There are three possible alternatives associated with an optimal 
equilibrium solution in quadratic programming: 1) solution within the 
confines of the constraints allowing resources to be reallocated to other 
production processes (interior solution); 2) solution on the production 
possibility curve (boundary solution); and 3) solution point occurring at 
a corner or extreme point of the constraint set (corner solution). Dorn 
(21) and Cottle and Dantzig (18) have shown that a QP model of self-dual 
nature will always have a corner solution, i.e., the solution will always 
occur at an extreme point of the constraint set. For explaining the self-
dualism in a mathematical programming problem, let us define the following 
LP problem as minimization of production costs subject to resource con­
straints and minimum production (Problem IV) 
min f(x) = c'x (IVa) 
subject to 
Ax < b (IVb) 
Bx 2 d (IVc) 
X > 0 (IVd) 
where x is a n x 1 vector of production activities; c is a n x 1 vector of 
cost associated with production activities; b is a m x 1 vector of availa­
ble resources; d is a s x 1 vector of final commodity demands; A is a 
m X n matrix of input-output (production) coefficients; and B is a s x n 
matrix of transformation (e.g., yield) coefficients. The optimal values 
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of a problem, now and onwards, will be denoted with an asterisk (*), e.g., 
the optimal value of the objective function f(x) of Problem IV will be 
written as f(x*). 
The dual of Problem IV is the maximization of gross producer profit 
subject to the restriction that net profit from each activity be zero or 
negative. Mathematically, the dual of Problem IV can be expressed as 
(Problem V) 
max q(w,u) = d'w - b'u (Va) 
subject to 
B'w - A'u < C (Vb) 
w, u 2 0 (Vc) 
where w and u are the vectors of imputed prices of the commodities "d" 
and imputed values of the limited resources "b," respectively. 
Now, from the duality theorem of LP, it is evident that if firms face 
the prices w* and u*, the quantities x* will be produced and given the 
quantities x*, prices w* and u* will result. Also, at optimum 
f(x*) = q(w*,u*) 
Combining primal (Problem IV) and dual (Problem V) problems, the 
problem now is to maximize the net producer profit subject to resource 
constraints, minimum production levels, nonpositive pure profit, and the 
usual nonnegative constraints. Mathematically, this problem can be writ­
ten as (Problem VI) 
max Z(w,x,u) = d'w - c'x - b'u (Via) 
subject to 
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Ax < b (VIb) 
(Vic) 
(VId) 
(Vie) 
B'w - A'u < C 
-Bx < -d 
X ,  u ,  w  > 0 
where from the duality theorem (38) Z(w,x,u) £ 0 for all feasible (w,x,u); 
and Z(w*,x*,u*) = 0 at optimum. 
Therefore, inclusion of both primal and dual in the same problem 
(Problem VI) does not affect the optimal solution of either primal 
(Problem IV) or dual (Problem V) problem. The constraint equations of the 
combined problem (Problem VI) is skew-symmetric, and the feasibility space 
defined by this constraint set has been referred to as "self-dual" by 
Tucker (81), and Goldman and Tucker (34). 
The important objective behind using a self-dual mathematical pro­
gramming problem is to establish a formal equivalence between the equi­
librium solution and an extremum solution. Problem VI can be used to 
achieve this objective through an iterative procedure. However, this 
iterative procedure is very cumbersome and becomes prohibitive for the 
large-scale problems because of tremendously high computational costs. To 
avoid this difficulty, therefore, self-dual quadratic programming models 
are formulated where optimal equilibrium solutions are directly obtainable 
without resorting to the iterative procedure (21,67,77). For example, 
let us consider the following self-dual QP model in which equilibrium 
prices and quantities are obtained endogenously (Problem VII) 
max F(x,p,u) = djp + p'Dp - c'x - b'u (Vila) 
subject to 
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A'p - B'u £ c 
Dp - Ax < -dg 
Bx < b (Vllb) 
(VIIc) 
(Vlld) 
x,p,u > 0 (Vile) 
where d = dg + Dp are demand functions; dg is a vector of constants and D 
is a negative semidefinite matrix; p is a vector of commodity prices; c is 
a vector of exogenous costs associated with the vector x of production 
activities; b is a vector of available resources and the associated vector 
u is their imputed prices; B is a matrix of input-output coefficients and 
matrix A represents the transformation coefficients (e.g., yields). Thus, 
X, Ps and u are the decision variables to be determined endogenously in 
this problem. 
The objective function (Vila) is quadratic in prices and represents 
the sum of linear forms and a negative semidefinite quadratic form. 
Linear forms are both concave and convex and negative semidefinite forms 
are concave. Consequently, objective function is concave and ensures the 
attainment of a global maximum. Except for the submatrix D, the coeffi­
cient matrix of the constraint set is skew-symmetric. Plessner and Heady 
(68) showed that the solution to this problem, if it exists, is a com­
petitive equilibrium solution. 
Each equation of this model (Problem VII) has a specific economic 
interpretation. The objective function "F(x,p,u)" shows aggregate pro­
ducer surplus that equals to total revenues "d^p + p'Dp" less total 
exogenous costs "c'x" and total rental payments for the use of scarce re­
sources "b'u." The value of the objective function is zero under the 
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optimal competitive equilibrium situation. Constraint (Vllb) indicates 
that total resource use "Bx" should be less than or equal to total availa­
ble resources "b." Constraint (VIIc) requires producers to behave in a 
competitive manner such that their total value of production "A'p" be 
limited to all exogenous costs "c" plus total rent paid for scarce re­
sources used in production "B'u." Constraint (Vlld) limits the supply of 
final products or commodities "Ax" to their demands "dg + Dp" at prices 
"p" greater than zero. In equilibrium, if the supply of one product is 
greater than its demand, the associated price will be zero. Therefore, 
this constraint set describes the equilibrium condition in a competitive 
market. 
This model (Problem VII) serves as the core in the development of our 
present model used in this study. 
As stated in Chapter I, one of the objectives of this study 
is to examine the performance of U.S. agriculture under the situation of 
stochastic foreign demands for its farm products. This stochasticity in 
export demands can be handled through the use of chance constrained pro­
gramming. Therefore, the next section is devoted to a brief discussion 
of chance constrained programming and its application to a self-dual 
quadratic programming model (Problem VII) to be used in the present study. 
Chance Constrained Programming 
In a typical mathematical programming problem it is assumed that all 
the coefficients are known constants, i.e., the problem is a deterministic 
one. In reality they are frequently neither known nor constants. Mathe­
38 
matical programming models are usually formulated to select some future 
course of action. Therefore, the coefficients in the model are based on a 
prediction of future conditions. For example, in a simple LP model (see 
Problem I) c. A, and b are predetermined constants. However, the availa­
ble information may not be adequate to make a precise determination of the 
appropriate values for these coefficients. Furthermore, these coeffi­
cients may actually be random variables, each with an underlying proba­
bility distribution for the value that it will take when the decision is 
implemented. It is, therefore, necessary to formulate mathematical pro­
gramming models for the situations characterized by risk, i.e., when some 
or all of the model parameters are random variables. For explaining this 
situation, let us rewrite the Problem I 
max c'x 
subject to 
Ax £ b 
X ^ 0 
Now if we assume that "b" is not a known constant but a random variable, 
this problem becomes a probabilistic one. Thus, as soon as any of the 
known constants (e.g., c. A, and b of Problem I) of a deterministic prob­
lem becomes random in the nature, it no more can retain its deterministic 
form and becomes a probabilistic problem. 
There are several approaches to solve this problem as has been dis­
cussed by Tintner (78,79), Sengupta and Fox (71), and Tintner and 
Sengupta (80). An elegant and simple approach to the problem was de­
veloped by Charnes and Cooper (13,14). This approach is called chance 
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constrained programming (CCP). Under a linear framework the problem can 
be written as (Problem VIII) 
max c'x (Villa) 
subject to 
P(Ax < b) > a (Vlllb) 
x > 0 (VIIIc) 
where b is a vector of mutually independent random variables; A and c are 
the same as in Problem I; P is the probability operator and a is the vec­
tor of probability level. 
The ith constraint of (Vlllb) can be written as 
P(Za..x. £ b.) ^ a. (Vlllb.l) j ij 0 
The Equation (Vlllb.l) means that the constraint Ea-.x- <_ b. may be j ij J T 
violated at most 100(1 - a) percent of the time. In other words, this 
approach requires a constraint to hold with at least a prespecified level 
of probability, but not necessarily with probability one. Therefore, 
according to Kirby (48), chance constraints represent "intentions" or 
"policies" of management rather than hard and fast "rules." Thus they 
represent bounds inside of which management would like to operate "most of 
the time" rather than "all the time." 
In the above formulation of the CCP model (Problem VIII) Cj and a^j 
are assumed to be constants while b^ are mutually independent random vari­
ables. Joint dependence of bu's results in joint chance constraints which 
for the most of the probability distribution may not retain the convexity 
of the constraint set for the transformed programming problem (58). 
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The chance constrained problem (Problem VIII) under the assumption of 
mutual independence of the individual b^'s and constancy of Cj and a^j may 
be converted into an ordinary LP problem if it is possible to find a de­
terministic equivalent for each of its probabilistic constraints. The 
conversion, however, requires the knowledge about the probability distri­
bution of the random variable b^. For the computational ease and non­
availability of the required data, researchers, particularly those in the 
field of empirical research, frequently assume that bu's are normally and 
independently distributed. 
Assuming that the random variable b^- is independently and normally 
distributed. Equation (Vlllb.l) further can be expressed as 
P(2a..x. < b.) > a. b. ~ NID(E(b.).cT. ) (Vlllb.l)' 
j • J J * ' ' i 
where E(b^) and are the mean and standard deviation of b^. Thus, it 
follows as 
or 
- E(b.) ) 
P(^ ; 1 -) > 
bi 
(VIIIb.2) 
P(J 
E(b-) 
bi 
Z j )  >  a .  (VIIIb.3) 
where z .  is a standard normal variate with zero mean and one standard 
deviation, i.e., 
b. - E(b.) 
z,- = — - NID(0,1) 
-b. 
Now let us define that 
= *i 
(VIIIb.4) 
(VIIIb.5) 
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where values of K corresponding to their prespecified probability levels 
^i 
"a^" can be obtained from a standard normal table. Thus, from Equations 
(VIlib.4) and (VIIIb.5), the following expression is obtained as 
b. - E(b.) 
P(K <-î— —)=a. (VIIIb.6) 
'^i °b. ^ 
It is obvious that here this probability will increase if K is replaced 
"i 
by a smaller number and vice-versa. Hence, 
E à . . x .  -  E(b.) . _ [(b ) 
1 a. )^"i 
b. b. 
for a given solution if and only if 
sa..x. - E(b,) 
J < K 
Obu - Gi 
Rewriting both expressions in an equivalent form, the conclusion is that 
P(Ea. . X .  < b.) > a .  
J. ij J 1 1 
if and only if 
Za^jXj < E(bj) + (VIIIb.7) 
so that the probabilistic constraint (Vlllb.l)' can be replaced by its 
deterministic equivalent constraint (VIIIb.7) and the solution to the 
problem can be obtained by applying simplex algorithms. Thus the trans­
formed deterministic equivalent LP problem of the probabilistic LP problem 
(Problem VIII) is Problem IX; 
max z = c'x (IXa) 
subject to 
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Ax < E(b) + (IXb) 
X > 0 (IXc) 
Use of chance constrained programming in self-dual quadratic programming 
model 
So far we have discussed the application of CCP to LP models. Now we 
will discuss the use of CCP to a self-dual QP model, i.e., to Problem VII. 
Rewriting the Problem XII: 
max F(x,p,u) = d^p + p'Dp - c'x - b'u (Vila) 
subject to 
Bx < b (Vllb) 
A'p - B'u < c (VIIc) 
-Dp + Ax > dg (Vlld) 
x,p,u >_ 0 (Vile) 
In this problem it is assumed that all the coefficients (dg, D, c, b. A, 
and B) are known with certainty. In the demand constraint (VIId) "dg" 
represents fixed quantity of a commodity that includes the intercept term 
of the demand function and other exogenous demands like exports. Thus, d^ 
is the combination of basically two types of demands: 1) domestic (dg-j ) 
and 2) net export (dgg). Therefore, dg = dg-j + dgg and the objective 
function (Vila) and demand constraint (Vllb) can be rewritten as 
max F(u,p,u) = (dg-j + dg2)'p + p'Dp - c'x - b'u 
and 
or 
-(Dp + dg^) + Ax > dgg 
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Now if we assume export level is a stochastic variable and follows a 
normal distribution with dgg ~ NIDfEfdQg),#^ )» this demand constraint 
becomes stochastic like in Problem VIII. Writing the Problem VII in its 
new stochastic form or chance constrained framework (Problem X); 
max F(x,p,u) = (d^^ + dggi'P + p'Dp - c'x - b'u (Xa) 
subject to 
Bx < b (Xb) 
A'p - B'u < c (Xc) 
P[Ax - (Dp + dg^) > dgg] > a (Xd) 
x,p,u 2 0 (Xe) 
where d^g is deterministic equivalence of d^?. 02" 
To formulate the deterministic equivalence of Problem X, we proceed 
as follows. Constraint (Xd) can be rewritten as: 
Ax - (Dp + dg^) - [(dgg) do2 " ^(^02^ 
rL ^ — J > a 
Thus, 
' 02  E(d(,2) 
'02 
=  z  -  NID(0,I) 
a. 
(Xd.l) 
'02 
W 
i.e., z is a standard normal variate with zero mean and unit standard 
deviation. 
Figure 3. Area of allowable risk 
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From Figure 3, at a probability level, we can write: 
P(z > K ) > a (Xd.2) 
— a — 
where values of K corresponding to their probability levels "a" can be 
obtained from a standard normal table. Thus, from Equation (Xd.2): 
^02 
if and only if 
Ax - (Dp + dgi^ - E(do2) 
'*02 
or 
Ax - (Dp + do,) > E(dQ,) + 
or 
-Dp + Ax > + [(dgg) + (Xd.3) 
Thus, constraint (Xd.3) is the deterministic equivalence of probabilistic 
constraint (Xd). The portion "[(dgg) + K " in constraint (Xd.3) de­
termines the upper limit of export level that will hold with at least 100a 
percent chances. The objective function of the Problem X now will be 
transformed to: 
max F(x,p,u) = (d^^ + [(d^g) + )"p + p'Dp - c'x - b'u 
and the whole transformed problem can be expressed as Problem XI: 
max F(x,p,u) = (d^^ + [(dgg) + )'p + p'Dp - c'x - b'u (XIa) 
Bx < b (Xlb) 
A'p - B'u < c (XIc) 
-Dp + Ax > d„, + E(d„2) + (Xld) 
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x,p,u _> 0 (Xle) 
This version of the model has been used in this study while 
analyzing the impact of high energy prices on U.S. agriculture under an 
uncertain export situation. 
We have solved Problem XII and Problem XI, which are the core ver­
sions of our present expanded model, by using separable programming tech­
nique. Therefore, a brief discussion on separable programming with its 
use to the large-scale models follows. 
Separable Programming 
Only for certain well-defined classes of NLP problems mathematical 
algorithms are available for obtaining the exact optimal solutions. For 
example, algorithms are available to solve fairly large size QP models. 
Separable Programming (SP) is a technique that may be used effectively to 
obtain approximate solutions to a very large class of NLP problems. The 
main attraction of using separable programming is that it employs a simple 
modification of the simplex method to solve problems that result from 
linearization of the original NLP problem. Since simplex method is fast 
and efficient, this is an advantage of considerable significance. The 
degree of accuracy of the approximate solution, however, will depend upon 
how closely a set of straight lines may approximate a nonlinear function. 
The finer the approximation desired, the larger will be the resulting 
linear problem. Many studies have used SP effectively with great advan­
tages to solve NLP problems. Beale, Coen, and Flowerdew (4) used SP 
technique to determine the optimum mix of raw materials to be converted to 
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liquid iron in four blast furnaces. Yaron and Heady (105) used separable 
programming to solve a NLP problem with separable objective function where 
products involved in planning are subject to continuous and negatively 
sloped demand functions. Duloy and Norton (22) applied separable pro­
gramming to the interregional competitive model of Mexican agriculture. 
Huang and Hogg (46) utilized separable programming to internalize price 
effects resulting from production, and to allow the inclusion of cross 
price elasticities. Boggess (6) used separable programming to solve a 
quadratic programming model of U.S. agriculture. 
Separability 
In nonlinear programming, functions are of several (say, n) variables 
and mathematically it is expressed as 
f(x) = f(x-| , Xg, , x^) (6) 
When such function (Equation (6)) can be expressed in the form 
f(x) = Z f.(x,) (7) 
j=l J 
then the function f(x) is said to be "separable." In separable pro­
gramming, it is required that both the objective function f(x) and the 
constraint functions g.(x) i = 1, 2, ..., m are separable in the general 
statement of a NLP problem (see Problem II). In other words, it is re­
quired that Problem II can also be expressed as Problem XII: 
n 
max z = Z f.(x.) (Xlla) j=l J 
subject to 
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S g.-(xj £ b. i = 1, 2, m (XIIb) j=l 1 
Xj 2 0 j = 1, 2, n 
The functions f^ and g^j have only Xj as argument and they are separable. 
This separable programming model (Problem XII) can be solved by adopting 
the following method under the assumption that only objective function is 
nonlinear and constraints are linear. Thus, Problem XII is now expressed 
as Problem XIII : 
max z = E f.(x.) (Xllla) j=l ^ J 
subject to 
n 
E 
j=l Z^a^jXj < b^. i = 1, 2, m (XIlib) 
Xj 2 0 j = 1, 2, n (XIIIc) 
Now let us divide the range of x. into r^ segments and let the kth segment 
be expressed as x^j. The corresponding value of fj is given by fj^j for 
k = 1, 2, ..., rj. Now if 
- Xk-l .0 k = 1, 2. r. 
Afkj = fkj - fk-l.j j=1.2. 
and also if x. lies in the interval of x. , . < x- < x, -, we can write: J K-i,J - J — KJ 
*j " 
where 1 2 _> 0. 
The approximate value of fj corresponding to Xj can be written as 
^j " fk-l,j ^ ^kjfAfkj) 
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Thus, this is the linear approximation or polygonal approximation as given 
by Hadley (39). 
This should be noted that for 5. . > 0, 6 . = 1 for u = 1, 2, 
Kj Uj 
k - 1. Therefore, we can write that 
fk-l.j = + foj 
where f„. is the value of f. when x. = 0. Also note that if 1 > 6. • > 0, 
Oj J J KJ 
then = 0 for u > k. 
Now the Problem XIII can be rewritten as follows (Problem XIV): 
r. 
n J 
max z = Z [ E (Af..)5. . + f •] 
j=l k=l 
subject to 
n 3 
E E a..(Ax. .)ô. . £ b. i = 1, 2, ..., m 
j=l k=l ^ 
and 1 2 >_ 0. If 1 > > 0, then = 1 for u = 1, 2, ..., k - 1 
and = 0 for u > k. This problem differs from an ordinary LP problem 
only with respect to the "restricted entry" of in the basis. 
Transformation of variables to obtain separability It is impera­
tive that the nonlinear function be expressed in its separable form before 
using the separable programming technique to solve a NLP problem. Fol­
lowing is the general method applied for converting certain nonseparable 
functions into separable ones by defining some new variables (39). 
Hadley's Transformation Let us suppose a set of linear 
demand functions for n commodities is given by: 
q = d + Dp (8) 
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where q is a n x 1 vector of commodity demanded; d is a n x 1 vector of 
intercepts; D is a n x n matrix of slopes; and p is a n x 1 vector of 
prices. 
Using Equation (8), total revenue (TR) can be expressed as: 
TR = p'q = p'd + p'Dp 
n n n 
= Z p.d. + Z S a..p.p. (9) 
1=1 ^ ^ 1=1 j=l ^ J 
where a^j are the elements of matrix D. Now the Equation (9) which is the 
expression for total revenue can be considered as the objective function 
for a total revenue maximizing problem. This function contains separable 
variables (a-jjP-j) and also nonseparable variables (a^jP^Pj, i f j) in 
quadratic forms. Hadley (39) showed that nonseparable product terms 
(pupj , i  ^ j) can be converted into separable form by defining two new 
variables, s^^j and Sg^j, for each product term such that 
P; + Pi P; - Pi 
Siij = ' 2 =2ij = (— 
Therefore, 
PiPj " 4ij " 4ij 
Thus, Equation (9) now can be rewritten as: 
n n o nn o 
TR = p'q = 2 p.d. + Z a..p. + EZ (a.. + a..)s,.. 
i=l ^ ^ i=l ^ i^j 
nn p 
• (^ij (10) 
In Equation (10) all the variables are in separable form and so is the 
equation (objective function) itself. Now separable programming technique 
50 
can be applied to a NLP problem where its objective function is expressed 
in the form of Equation (10). This approach, however, has an important 
limitation for the large size problems. For n commodity problem, there 
will be "^^ ^ cross products terms (like P^-Pj) in the objective func­
tion. It would require n(n - 1) new variables to be defined on the basis 
of 2 new ones for each product term. Thus, n(n - 1) additional con­
straints will be required in the model and may become infeasible for large 
size problems (with too many commodities) because of computational limita­
tions and budgetary constraints. 
Extension of Hadley's Transformation Bhide (5) has described 
a method to reduce the above problem of large number of additional new 
variables while transforming the nonseparable variables into separable 
ones. He discusses how the "Eigenvalue Transformation" can successfully 
be applied to convert a quadratic nonseparable function into a separable 
one. In doing so he ended up only with n additional new variables for n 
commodities as compared to Hadley's n(n - 1) new variables. Thus, his 
"Eigenvalue Transformation" approach provides an elegant and convenient 
method of converting a QP objective function into its separable form and 
can be applied to large size problems. In addition to "Eigenvalue Trans­
formation" the following method can also be used to convert a QP objective 
function into its separable form. This method is at least as efficient as 
the "Eigenvalue Transformation" approach. 
Assuming there are five commodities, the demand function can be 
written as: 
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'0 
From Equation (1 
^2 ^4 ^5 
^2 ^3 ^4 *^5 
^2 ^3 ^4 ^5 
^2 ^3 ^4 ^5 
®2 ®3 ®4 ®5 '5 
), the total revenue (TR) is expressed as: 
(11) 
TR = p'q = a^p, + bgPj + CgPj + dgP^ + egPj + .s ajp,p. 
J- 1 
5 5 
+ Z b.ppp. 
j=l ^ ^ j=l 
Expanding the Equation (12): 
+ Z c.p.p. + Z d.p.p. + Z e.PcP. 
i  l J -J J j = ] J 4 J j_i J O J 
TR GgP] •*" bgPg + CgPg + ^gP^ + BgPg + a-jfa^ + U^P, 
'ri "2^2 
( 1 2 )  
^3^3 GgPg + {à2 ^^^^1^2 ^ (^3 ^ ^1)^1^3 
+ (a^ + d^)p^p^ + (dg + e^)p^pg + (b^ + C2)P2P3 
+ (b^ + d2)P2P4 + (bg + e2)P2P5 + (c^ + d^Jp^p^ 
^ (^5 GgjPgPg + (dg + e4)p4Pg (13) 
We assume that the coefficients of all the product terms in TR, 
P^Pj(i / j), are positive in the present case and let the sum of all 
linear and square terms in Equation (13) be represented by TR-j and the sum 
of remaining terms be written as TRg. Hence, 
TR = TR^ + TR2 
Therefore, TRg can also be written as follows: 
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TR2 (^2 b^)p^p2 ^ ^ (^2 ^ 
dg + e, 
+ (a^ + d^)p^p^ + (Sg + G^jp^Pg + ( 2 )P4Pg 
d. + e. 
+ (b^ + d2)P2P^ G2)p2Pg + ( 2 ^P4'^5 
dr + e. 
+ (C^ + dgïPgP^ + (Cg + GgïPgPg + ( 3 
l<lP-]P2 + kgP^Pg + k3P2P3 
+ k4PlP4 + ksPlPs + ^694^5 
+ kyPgPg + kgP2P5 + kgP^Pg 
+ kiQPgP^ + kiiPgPg + k^gP^Pg (14) 
where k^ > 0, i = 1, 2, ..., 12 and correspond to the coefficients of the 
cross-product terms. Now for , kg, and k^ > 0, we define a-j, a^, and 
such that aysg ~ k^, = k2, and agOg == k-. Therefore, the values of 
a-j, «2, and are 
"1 = «2 = «3 = 
Similarly, for k^, kg, and kg > 0, we define 6-j, g^, and 63; for ky, kg, 
and kg > 0, we define y-] » Y2' Yg: and for k-jQ, k^^, and k^2 > 0» we 
define 6^, gp, and 63. Then we can write: 
TRg = T/2Si - l/Za^Pi - T/ZagPg - l/ZogPg 
+ l/Zsg - l/EgZpi - l/ZggP* - I/263P5 
+ 1/2 gZ _ l/ZyZpz - l/ZyZpZ _ i/2y2p2 
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+ l/2s2 _ l/ZgZpZ _ i/2g2p2 _ l/ZgZfZ 
T/2s2 + l/ZSg + T/ZSg + 1/2s2 _ T/2(a2 + 
- 1/2(02 - yZjpg - 1/2(02 + _ T/2(g2 + + g^jpZ 
-  1 /2(63  +  Yg +  GgjPg (15)  
where 
'1 = (a^P, + °2P2 + 0393) 
"2 = {B,P, + 62P4 + 
II 
0
0
 
CO (Y1P2 + Y2P4 + 1395) 
It to («1P3 + 52P4 + 
Now, therefore. Equation (13) can be rewritten as: 
TR = a^p^ + [a^ - l/2(a^ + 3^)]p^ (=R-,) 
+ bgPg + [bg - 1/2(02 ^i)]P2 (=82) 
+ =0^3 + [Cg - 1/2(03 + dl^]P3 (=^3) 
+ dgP* + [d^ - l/2(g2 + y2 + gZjJpZ (=R^J 
+ GgPg + [e^ - 1/2(33 * ^3 * ^3)^95 (^^5) 
+ l/2si + I/2S2 + 1/253 + (=1/2 Z V.) 
or 
5 4 
i=l 
TR = Z R. + 1/2 Z V. (16) 
i=l ^ i=l 1 
Therefore, it is clear that for five commodities, here we will have to 
define only four new additional "special variables" (s^, Sg, S3, and s^). 
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Following Hadley's Transformation, we would be required to define 
5(5 - 1), i.e., 20 new variables. Therefore, present method is more con­
venient and attractive for the large size problems. Now by defining "grid 
equations" to constrain each s^ to equal its defined sum (e.g., s^ = a-jP-j 
+ agPg + OgPg) and defining segments of R. and v^ in the objective func­
tion "functional equation," we can use the separable programming routine 
to solve the problem. In the present study, we have used this approach 
for transforming the nonseparable variables of the objective functions of 
Problem VII and Problem XI into separable ones. 
55 
CHAPTER IV. DESCRIPTION OF THE MODEL 
A national quadratic programming model of self-dual nature is formu­
lated to achieve the objectives of this study outlined in Chapter I. This 
chapter gives a fair description of this model along with the underlying 
assumptions incorporated in its formulation. The model has been solved by 
using separable programming technique. With uncertainty incorporated in 
export demand the model is solved under a chance constrainted framework. 
Assumptions 
While formulating a normative model like the present one, it is al­
ways necessary to make certain assumptions leading to the simplification 
of various complex real world situations- The underlying assumptions 
that allowed the formulation of the present model are: 
1. The U.S. economy can be divided into different sectors, one of 
which is the agricultural sector. 
2. The agricultural sector can be further subdivided into livestock 
sector and crop sector. 
3. The crop sector can be partitioned into two regions: a. Market 
regions - there exists m spatially separated, distinct, and 
interdependent market regions each possessing demands for wheat, 
corn, barley, oats, sorghum, oil meals, soybean oil, silage (corn 
and sorghum), and hay (legume and nonlegume). The demand for 
cotton lint is specified only at national level, b. Producing 
areas - there are n unique, spatially separated, and interde­
pendent producing areas characterizing the nature of crop produc­
tion at farm level. These producing areas are contained within 
market regions. Within each producing area, land is homogenous 
and substitutable between crops. 
4. Within each producing area, production is technologically uniform 
for all farms. There are alternative production processes exist­
ing that may combine various crops in different proportions, or 
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may have different input-output requirements. Also, constant 
return to scale exists in each producing area for each crop. 
5. Commodities in the model may be broadly classified as follows: 
a. Primary commodities - the commodities which are not desirable 
in themselves (e.g., corn for feed grains); and b. Final com­
modities - commodities which are desired in their current state 
(to the final consumers from the model's reference point). 
6. Commodities are also subdivided based on whether their demand 
levels are fixed or functions of prices. 
7. From the transportation viewpoint, commodities are divided into 
two groups: a. Commodities that can be transported between con­
suming regions, e.g., wheat and oil meals, b. Commodities that 
are not transported between consuming regions, e.g., silage and 
hay. 
8. Transportation industry has the capacity to transport the quanti­
ty of commodities determined in the solution of the model. 
9. Current demand for the model commodities must be met from current 
production. 
10. Inputs used for production may be classified as follows: 
a. Inputs that are not limited in supply--several inputs such as 
labor, credit, capital, commercial fertilizer, chemicals, and 
energy are assumed to be available to the agricultural pro­
ducers without restrictions although they have a cost 
attached to their use. This assumption may be justified on 
one of the following grounds; (i) agriculture uses rela­
tively small proportion of these inputs as compared to non-
agricultural uses and (ii) historically, these inputs have 
not been restrictive in availability. 
b. Inputs that are limited in supply--inputs such as land, water 
and nitrogen from livestock waste are assumed to be available 
only in limited quantity. These inputs are again subdivided 
into two groups: (i) immobile inputs such as land; and (ii) 
water that can be transferred from one to another producing 
area. 
11. No regional quality differential exists for any of the commodi­
ties and a competitive behavior is stipulated for all partici­
pants in the system and all commodities are traded in competitive 
markets. 
12. Maximization of net revenue from crop production is a reasonable 
goal of the agricultural sector subject to the competitive nature 
of all the participants in the system. 
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Mathematical Structure of the Model 
Plessner's (67) formulation (Problem VII) serves as the core version 
for the present model. To broaden the scope of the model and to meet the 
objectives of the present study, several extensions of Plessner's basic 
problem (see Problem VII) were made. For example, now consider an exten­
sion of this problem to include interregional transportation, different 
demand structures, and input mobility. This extension is explained here 
in terms of only two regions. But the explanation can be generalized to 
cover many regions. The resulting problem is written as Problem XV: 
max = z'[Mz + q) 
subject to 
Mz + q £ 0 
z > 0 
Expanded form of the matrix M and vectors z and q are presented in Table 
8a. An explanation of various components of matrix M, vector z, and 
vector q follows: Let j = 1 and 2 to denote regions 1 and 2. 
Matrix M: 
Dj is a 5 X 5 matrix of slopes of the demand functions in the jth re­
gion. Commodities included are wheat, corn, barley, oats, and 
soybean oil. To reduce the size of the illustration, cottonseed 
oil, whose demand function is also incorporated in the model, is 
not discussed here. The discussion, however, can be stretched to 
include cottonseed oil by treating it similarly to soybean oil. 
Ajj is a 5 X matrix of yield coefficients for five crops with de­
mand functions defined in Dj. n-j is the total number of produc­
tion activities defined for these five crops. 
Table 8a. Expressions of matrix M, vector z, and vector q of the Problem XV 
where: 
M = 
z' 
q' 
[ 
[ 
^2 0 0 0 0 0 0 0 0 0 0 "A2d 0 ^2  
0 0 0 0 0 0 0 0 0 0 0 0 
-*26 
0 0 0 0 0 0 0 0 0 0 0 0 0 
"A2A 
0 0 0 
°1 0 0 0 -Aid 0 ^1 0 0 0 0 
0 0 0 0 0 0 0 0 
-Aie 4e 0 0 0 0 
0 0 0 0 0 0 0 G 0 
"A l  A 0 0 0 0 
0 0 0 0 0 0 0 Bid Bie 0 0 0 0 0 
0 0 0 A î d  0 0 -Bid 0 0 0 0 0 0 0 
0 0 0 0 Aie  0 -Ble 0 0 0 0 0 0 0 
0 0 0 
-A ïe  A Îa  0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
^2d Bze 0 
Agd 0 0 0 0 0 0 0 0 0 
-B&d 0 0 0 
0 Age 0 0 0 0 0 0 0 0 
-^26 0 0 0 
-A '  
-Aàs  A2A 0 0 0 0 0 0 0 0 0 0 0 
— ^ 
T 1 
P2d P2e P2A Pld Pie PlA "1 *ld *le ^ lA  "2 *2d ^2e  ^2A 
^20 ^2e ^2A ^10 die ^ lA  -h  -C ld  -Cle 0 -b2 "^2d -C2e 0 -t. 
] 
] 
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Ajg is a 4 X Hg matrix of yield coefficients for four crop commodities 
for which demand is exogenously determined. Commodities included 
are sorghum, silage, hay, and oil meal, is the total number of 
production activities defined for these four crop commodities. 
Aj^ is a 1 X 5 vector of coefficients which transforms five commodities 
(wheat, corn, barley, oats, and sorghum) into feed grains from 
their individual units to corn equivalent units. 
Aj is a 4 X 4 negative identity matrix used for transferring feed 
grains demand into its individual components for which demand 
functions are defined in the model, viz., wheat, corn, barley, and 
oats. 
Ajg is a 1 X 5 vector with a -1 in the fifth column for transferring 
feed grains demand into sorghum for which the demand is exogenous­
ly determined in the model. Other columns of this vector contains 
zero in them. 
Bj(d g) is a m x (n^ + ng + k) matrix of fixed coefficients, m 
is the total number of inputs, k is the total number of buying 
and transfer activities, n^ and ng are same as defined before. 
T is a matrix of fixed coefficients that permit transportation of 
all commodities, other than silage, hay, and cotton lint among 
consuming regions. Transportation requires energy and the trans­
portation activities contain these energy requirement coeffi­
cients. 
The above components of matrix M are presented also in Figures 4a and 
4b in tabular form to make it more comprehensive. 
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Figure 4b. A schematic representation of matrix Bj of the present model 
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Vectors z and q: 
P-j is a 5 X 1 vector of prices for 5 commodities defined in D.. 
J d  J  
Pje ^ ^ X 1 vector of prices for 4 commodities defined in Aj^. 
Pj^ is a scalar of price for feed grains. 
Uj is a m x 1 vector of imputed prices for m resources. 
Xjj is a n-j X 1 vector representing the levels of n-j production activi­
ties for the commodities defined in Aj^. 
Xjg is a Mg X 1 vector representing the levels of Hg production activi­
ties for the commodities defined in Aj^. 
Xj^ is a 5 X 1 vector representing the levels of activities that trans­
fer production of wheat, corn, barley, oats, and sorghum to meet 
feed grains demand by livestock. 
t is a vector of levels of transportation activities. 
dj^ is a 5 X 1 vector of the sum of intercept and exogenous demands for 
each of the commodities with demand functions in the model, i.e., 
wheat, corn, barley, oats, and soybean oil. 
dje is a 4 x 1 vector of exogenous demands for sorghum, silage, hay, 
and oil meals. 
dj^ is a scalar of demand for feed grains by livestock. 
bj is a m x 1 vector of resource availabilities. 
Cj(d is a (n-j + ng) x 1 vector of cost of production per unit 
of activity level. 
0 is a vector of zeroes. 
t^ is a vector of transportation cost. 
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Various constraints implied in the mathematical formulation of the 
model may be briefly explained as follows: 
1. The objective function: This represents the net revenue or the 
difference between total revenue and all payments (including rent 
for the holders of fixed resources) for the sector as a whole. 
2. Commodity balance constraints: 
(a) DjPjd - AjjXjj + AjXja + T. t  < -doj 
DjPjd AjXjA) - Ajd^jd + T.t < 0 
This constraint simply means that the total demand for a com­
modity with demand function in a given region j cannot exceed the 
total supply in that region. 
-AjeXje " Aje*ja 
'"je + - Aje*je i °
This constraint implies that for commodities with exogenously 
specified demand, supply has to be at least as large as demand. 
t':) - -dj& 
This constraint implies that for the exogenously specified feed 
grain demand, supply of feed grains must be at least as large as 
the demand. 
3. Resource availability constraints: 
®j(d and e)'*j(d and e) -
This constraint implies that the resources used by activities in 
production of crops cannot exceed their availability in a given 
region. Interregional transfer of water is allowed subject to 
their availability in the model. 
4. Price balance constraints: 
^jd^jd ^je^je ~ ®j(d and e)*"j - ^ j(d and e) 
^jd^jd ^je^je - ^ j(d and e) ^ ^j(d and e)*"j 
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Thus, revenue from an activity (which may produce the final com­
modities either with endogenously determined demand or exogenous-
ly determined demand or both) cannot exceed the cost per unit of 
the activity plus the return to fixed inputs used in producing 
one unit of the activity. This is evidently the competitive 
equilibrium condition within a region. 
(b) -ijPjd - AjePje + AjAPjA i ° 
"jaPJA i AjPjd + AjePj, 
The commodities which have alternative uses, e.g., corn is used 
both as food grains and feed grains, their prices are constrained 
by transformation coefficients in each use. 
(c) [-T]' Jd 
je 
JA 
Price differences for commodities between any two regions which 
have transportation routes defined, cannot exceed the transpor­
tation cost. This is the condition for spatial competitive 
equilibrium. 
Regional Delineation 
The continental United States has been divided into 105 producing 
areas (Figure 5) which form the basic units of the present programming 
model. These areas are derived from Water Resource Council's 99 aggre­
gated subareas (102). The producing areas are identical except for six 
aggregated subareas which are subdivided to be more consistent with agri­
cultural production in these regions. Each producing area is an aggrega­
tion of contiguous counties approximating the aggregated subareas's 
boundaries. Among 105 producing areas, 48 to 105 are also defined as 
water supply regions. These 105 producing areas are further aggregated 
into 9 market regions (Figure 6) which are also the aggregation of 28 
Figure 5. The 105 producing areas used in this study 
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Figure 6. The nine market regions used in this study. 
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market regions used in different studies at Center for Agricultural and 
Rural Development (25,26). Central cities in the market regions shown in 
Figure 6 serve as the points where marketing activities take place. 
Transportation activities among the market regions are defined only 
through these central cities. 
Supply of Resources 
The land base 
The crop land available for the crops whose production is simulated 
endogenously by the model is derived from the acreage reported by the Soil 
Conservation Service (95) after making adjustments for wet land drainage, 
irrigation development, and conversions to urban and other nonagricultural 
uses between 1967 and 1985 (57). This land base providing different land 
classes is then aggregated into one land class and thus, total land 
available to the model is estimated as 375.19 million acres. Out of these 
acreages, irrigated acreage is estimated as 30.95 million acres. 
Nitrogen 
Nitrogen supply is simulated in the model by nitrogen buying activi­
ties. These activities are defined at market region level. Nitrogen is 
made available either in the form of commercial fertilizer or as livestock 
by-product. The livestock nitrogen supply estimated based on the coeffi­
cients (nitrogen/different category of livestock) estimated by Short and 
Dvoskin (72) and are presented in Table 8b. While the livestock nitrogen 
supplies are limited to the specified levels, commercial nitrogen is 
available without restriction on the supply. Both commercial and live-
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Table 8b. Estimated supply of livestock nitrogen for nine market regions 
for 1985 
Nitrogen supply from livestock 
Region (million lbs) 
Northeast 385.81 
Southeast 299.46 
Lake States 623.20 
Midwest 1389.15 
Delta States 224.73 
Southern Plains 362.03 
Mountain 402.81 
North Pacific 140.34 
South Pacific 202.90 
stock nitrogen are priced at the same level. This is justified, because 
if commercial nitrogen were available without restriction on supply, then 
under a competitive situation, nitrogen from the two sources will have the 
same price. 
Water 
Collette's (17) work provides the basic framework for the water sec­
tor in the present model. Water buying activities and their supplies are 
defined for the 58 producing areas (48-105) in the 17 western states of 
the nation. The total water supply is divided into ground water and sur­
face water supply. Ground water is further subdivided into rechargeable 
ground water and nonrechargeable (depletable) ground water supply. These 
supplies in each of the 58 producing areas were projected for 1985 by 
Collette (17). Water transfers through natural flows and man-made canals 
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are simulated in the model. Water prices are weighted averages of prices 
charged by the Bureau of Reclamation as has been explained by Collette 
(17). 
Energy 
Dvoskin and Heady (25) and Dvoskin, Heady, and English (26) have de­
veloped an interregional linear programming model of crop production and 
energy use in agriculture. The present study uses a structure similar to 
the above studies for the energy sector. Four sources of fuel energy--
diesel, natural gas, electricity, and liquid petroleum gas--are considered 
in this study. Gasoline is converted into its diesel equivalent unit. 
Supply of these fuels is simulated by energy buying activities defined at 
market region level. Prices of the four energy sources were obtained from 
(3,96) and then were aggregated over 9 market regions from 28 market 
regions reported in (26). Energy supplies are assumed to be perfectly 
elastic at these prices. 
Supply of Output and Demand for Resources 
In the present model, crop production sector is simulated by an 
activity analysis type submodel. The endogenous crops are barley, corn 
for grain, oats, sorghum for grain, wheat, cotton, soybeans, corn for 
silage, sorghum for silage, legume hay, and nonlegume hay. The activity 
levels are in acre units of crop production and are simulated by the 
rotation activities. First, rotation weights were obtained based on crop 
acreages reported in 1974 agricultural census (98) in each producing area. 
Rotation weights were obtained separately for dry land and irrigated land 
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production. Finally, so that existing computational facilities may be 
utilized, rotations corresponding to census weights were chosen from a 
collection of rotations defined in (47). Each rotation chosen can be 
produced under three tillage practices—conventional tillage with residue 
removed, residue left, and minimum tillage. These three tillage practices 
provide a range of production possibilities reflecting regional differ­
ences in production costs, fertilizer requirements, crop yields, water 
needs, and energy requirements. 
Crop production activities also simulate demand for nitrogen, land, 
water (when irrigated), and energy. The data for water requirement co­
efficients are described in (57). Nitrogen requirements and yields are 
determined by projecting nitrogen prices for 1985 and then estimating 
optimal nitrogen requirement and yield as has been described by Stoecker 
(77). Energy is required in crop production for machinery operation and 
grain drying. These coefficients are derived from USDA (87) following the 
procedure outlined in (25). 
Besides the demand for energy in crop production, energy is required 
for irrigation. These requirements are also obtained from (25). Energy 
is required for the manufacture of fertilizers. A uniform set of coeffi­
cients are specified for commercial nitrogen supply activities. Livestock 
nitrogen is specified to have no energy needs. 
Input demands for water and nitrogen by crops whose production is 
exogenous to the model are specified to be satisfied by their supplies 
simulated within the model. 
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This discussion completes the description of input supply and demand 
and output supply (crop production) sectors of the model. An illustration 
of the programming tableau representing these sectors is provided in 
Figure 7. 
Demand for Commodities and Pricing of Outputs and Inputs 
Commodity demand 
Based on demand specification, two categories of commodities are de­
fined in the model: 1) commodities with exogenously specified demand; and 
2) commodities whose demand levels are endogenously determined by the 
model. The study assumes a U.S. population of 233.2 million in 1985 with 
population distributed according to OBERS E' projection. Disposable per 
capita income is projected to $4,630 (in constant 1975 dollars) for 1985 
(85). 
Estimation of the demands for the crop commodities that are 
exogenously specified to the model Cotton lint, oil meal, feed grains 
for livestock, legume hay, nonlegume hay, corn silage, sorghum silage, 
and grain sorghum are the commodities exogenously defined to the model. 
For all commodities except for cotton lint, demand levels are specified at 
market region level. For cotton lint, demand is specified at national 
level with 12 million bales for 1985. 
Demand for feed grains, oil meal, hay and silage are derived from 
livestock demand. The procedure adopted to estimate these demands is 
outlined in (73). Revised and updated equations are presented in 
Appendix A1. Per capita consumption of different livestock commodities 
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thus estimated are presented in Table 9. Multiplying per capita consump­
tion with estimated total population, we get an estimate of total quantity 
of different livestock products to be consumed. After adjusting these 
quantities for import/export, we come up with the estimates of net re­
quirement of different livestock commodities in 1985. Then on the basis 
of these estimated quantities and following the procedure given in 
Appendix A1, we obtain the derived demand for feed grains, oil meal, 
silage, and hay. The demand levels of these crops thus derived are given 
in Table 10. Demand for grain sorghum for industrial and food uses is 
projected at 6.79 million bushels and has been obtained from OBERS (85). 
Demand functions for the crop commodities whose quantities are 
determined in the model Demand levels of wheat, corn grain, barley, 
oats, and cotton seed and soybean oil are endogenously determined by the 
model. It is, however, pointed out that a part of the quantities of these 
crops is also exogenously determined and fixed for the model. The ex­
planation follows. 
Demand for the crops considered in this study arises mainly from the 
following sources: 1) food and industrial uses; 2) livestock uses (e.g., 
feed use); and 3) exports. Thus, demand for different crop commodities 
that are endogenous to the model can be expressed as: 
5 
A-j ~ d-j j + ^2-] *^3-] ^ DjjPj i-l,2,...,6 (17) 
where 
= total demand for ith commoditiy 
d-j^. = export demand for ith commodity 
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Table 9. Estimated per capita consumption of different livestock com­
modities for 1985 
Livestock commodity Unit Per capita consumption® 
Beef lbs. 120.6 
Pork lbs. 69.2 
Chicken lbs. 57.8 
Lamb lbs. 1.5 
Turkey lbs. 9.8 
Eggs nos. 275.0 
Milk lbs. 536.0 
^Estimated at 1978 price levels (90). 
Table 10. Estimated 
1ivestock 
demand 
demand 
for different crop 
for 1985 
commodities derived from 
Crop commodity Unit Quantity demanded 
Feed grains^ mill, bu.^ 5758.89 
Oil meal^ mill, cwt.^ 351.96 
Silage mill, tons 117.28 
Nonlegume hay mill, tons 57.12 
Legume hay mill, tons 76.73 
^Includes corn. barley. oats, sorghum, and wheat. 
^In corn equivalent. 
Q 
Includes soybeans and cotton. 
"^In soybean meal equivalent. 
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= livestock demand for ith commodity 
6 
d_. + Z D..p. = food and industrial demand for ith commodity 
j=l ^ 
For cotton seed and soybean oil dg is not defined. For corn, barley, 
oats, sorghum, and wheat crop, their livestock demand (dg) has been com­
bined together (as feed grains) and is expressed in corn equivalent in the 
model. Then it is left to the model to determine an optimum mix of feed 
grains depending upon the prices and corn equivalent coefficients of indi­
vidual feed grain crop. 
Linear demand functions of the form 
n 
q. = dg. + E D..p. i = 1, 2, ..., n (18) 
1 j=-| iJ J 
are obtained for barley, corn grain, oats, wheat, and cottonseed and soy­
bean oil. Brandow (7) estimated a set of farm-level price elasticities 
of demand for various farm commodities. These demand elasticities were 
for domestic food and industrial uses at national level. The elasticity 
coefficients for the six selected commodities are presented in Table 11. 
These elasticity coefficients are converted into slope coefficients by 
using the following relationship: 
A; 
Slope: D.. = e.. — i, j = 1, 2, ..., 6 (19) 
ij iJ Pj 
where 
e^j = the percentage change in demand level for commodity i due to 
one percent change in the price of commodity j, i.e., e^.j is 
the price elasticity of demand of commodity i with respect to j 
Table 11. Price elasticity coefficients for selected commodities used in this study (7) 
Barley Corn Oats Wheat 
Cottonseed 
oil 
Soybean 
oil 
Barley -0.0737 0.0001 0.000006 0.0002 0.00112 0.000845 
Corn 0.000022 -0.0332 0.0001 0.00380 0.00023 0.0000059 
Oats 0.000006 0.0003 -0.00070 0.00110 0.000066 0.000105 
Wheat 0.000024 0.0012 0.0001 -0.0214 0.0000032 0.000377 
Cottonseed oil 0.0000043 0.000191 0.0000159 0.000637 -6.7931 5.79199 
Soybean oil 0.0000041 0.000178 0.0000149 0.000595 3.4999 -4.3898 
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q_. = is the average level of consumption of commodity i for the 
period 1963-55 
Pj = the average level of price of commodity j for the period 1963-
65 in 1975 constant dollars 
Djj = the slope coefficient for commodity i with respect to the price 
of jth commodity 
These national level slope coefficients are presented in Table 12. 
Table 13 lists the average prices and quantities used to convert the 
elasticities into slope coefficients. 
After obtaining the slope coefficients, following the procedure out­
lined by Stoecker (77), intercept levels (d^^) of the demand functions are 
estimated. The national level demand matrix of slope coefficients (matrix 
D) presented in Table 12 is converted into per capita demand matrix of 
slope coefficients (matrix ÏÏ) by using 1963-65 average U.S. population 
(84). Then regression is performed on following functions to estimate the 
intercept terms: 
U.^ = f(T,T^) i = 1, 2, ..., 6 (20) 
where 
= (q^^ - Dp^^) is the intercept term for ith commodity 
q.j^ = the capita consumption of ith commodity for domestic food and 
industrial uses in the United States 
p^.j. = the price of ith commodity in 1975 constant dollars 
T = a trend variable 
The estimated equations for the intercepts are presented in Appendix 
A2. Predicted values of the national per capita intercepts for 1985 are 
Table 12. Estimated slope coefficients for the selected crop commodities^ 
Barley Corn Oats Wheat 
Cottonseed 
oil 
Soybean 
oil 
Barley -4.528550 0.005126 0.000562 0.007700 0.426110 0.20839 
Corn 0.004639 -5.839200 0.032110 0.501887 0.300261 0.00499 
Oats 0.000163 0.006784 -0.288991 0.018679 0.011078 0.011424 
Wheat 0.007258 0.302714 0.046055 -4.053890 0.005992 0.457577 
Cottonseed oil 0.004023 0.149057 0.022654 0.373306 -39349.8 21747.97 
Soybean oil 0.010549 0.382029 0.058383 0.958960 55755.6 -45330.84 
^For 1963-65 average population of 189.1 million (84). 
79 
Table 13. Average (1963-55) consumption and prices for different crop 
commodities (84) 
Crop commodity Unit Average consumption Average price^ 
Barley $/bu. 102 million bu. 1.66 
Corn $/bu. 350 mill ion bu. 1.99 
Oats $/bu. 45 million bu. 1.09 
Wheat $/bu. 502 million bu. 2.65 
Cottonseed oil cr 1553 million lbs. 0.2681 
Soybean oil cr
 
4271 million lbs. 0.4136 
^In 1975 constant dollars. 
summarized in Table 14. These per capita intercepts are then multiplied 
with the total population to obtain the total intercept levels. 
Table 14. Estimated 
functions 
national 
for the 
per capita intercept levels of the demand 
selected crop commodities for 1985 
Crop commodity Per capita intercept level 
Barley 0.720041 bu. 
Corn 2.422 bu. 
Oats 0.535 bu. 
Wheat 3.317 bu. 
Cottonseed oil 28.038 lbs. 
Soybean oil 91.405 lbs. 
After obtaining the estimates of slope coefficients and intercepts at 
national level, they are disaggregated to regional levels based on the 
projected proportion of U.S. population in each market region in 1985 
(85). These population proportions are presented in Table 15. 
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Table 15. Projected proportion of U.S. population in nine market regions 
in 1985 
Market region Population proportion 
Northeast 0.336405 
Southeast 0.116891 
Lake States 0.134532 
Midwest 0.105629 
Delta States 0.051003 
Southern Plains 0.086289 
Mountain 0.035696 
North Pacific 0.028865 
South Pacific 0.104600 
Thus, 
Dm = P^D m = 1, 2, ..., 9 (21) 
where 
D = the demand matrix of slope coefficients for mth market region 
m 
Pm = the proportion of U.S. population in mth market region in 1985 
D = the national level demand matrix of slope coefficients 
Intercepts of the demand functions of regional level are obtained on 
the basis of population and income levels of the regions. Thus, 
^3im " Pm^^Si + (22) 
where 
^3im ~ intercept level of the demand equation for ith commodity 
in mth market region adjusted for income levels 
dg^ = the unadjusted intercept at national level 
81 
A = a coefficient relating changes in per capita income to demand and 
is estimated to be 1.0947 for cottonseed oil, 0.3252 for soybean 
oil, and 0.0 for wheat, corn, barley, and oats 
p^ = the proportion of U.S. population in mth market region 
= the projected personal disposable income per capita in 1985 (in 
1975 dollars) in mth market region 
I = the projected national personal disposable income per capita in 
1985 (in 1975 dollars) 
National level demand equations estimated for 1985 for corn grain, 
barley, oats, wheat, cottonseed oil, and soybean oil are presented in 
Appendix A3. 
Export demand 
Export forms a major market for U.S. crop commodities and is repre­
sented by d.|^. component of Equation (17). For evaluating different policy 
alternatives, following three sets of export levels of different crop com­
modities have been estimated in this study. 
Deterministic level of export Two sets of equations have been 
estimated to project the future export levels of different crop com­
modities: 
a. World crop production equations: The function to estimate the 
levels of crop production in the importing nations is expressed 
as: 
WP. = f(T,T^) (23) 
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where WP^. is the aggregated production of ith crop in its im­
porting nations and obtained from (30), and T is a trend 
variable. 
b. U.S. export equations: To estimate the export levels of differ­
ent crops from the U.S., the function is expressed as: 
EXP. = f(WP^.,WPOP.,T,T^,DUM) (24) 
and WPOP. = 2P0P^.(1 + 6^.)^ (25) 
n 
where 
EXP. = the net U.S. export of ith crop commodity obtained 
from (31) 
WPOP^. = the total population in ith crop commodity importing 
nations obtained from (82) 
POPni = the population in nth importing nation of crop 
commodity i 
Gni = the population growth in nth importing nation of crop 
commodity i 
r = the time period used for projection 
DUM = a dummy variable 
WPj and T are defined as before. 
The estimated equations are presented in Appendix A3. Estimated 
export levels, using these equations, for 1985 are shown in Table 16. 
Stochastic export levels To have an estimate of the export levels 
to be used under the chance constrained programming framework of the model 
(Problem XI), first, we estimate the mean export levels. Then variations 
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Table 16. Estimated deterministic levels of exports of different crop 
commodities for 1985 
Crop Unit Export level 
Wheat mill. bu. 1287.99 
Corn^ mill. bu. 2122.98 
Qats^ mill. bu. 18.17 
Barley^ mill. bu. 64.71 
Sorghum^ mill. bu. ro
 
Soybeans^ mill. bu. 1068.88 
^Disaggregated from estimated feed grain export level based on 
historical proportion of individual crop export levels. 
^Includes soybean oil meal and soybeans as beans. 
in the export levels for a specified level of probability are calculated. 
The probability in this study is assumed at the level of 0.9. Finally, to 
derive the export levels that can be held with 0.9 probability level, 
the following relationship is used: 
+ t(0.9,n-l-k)*dli 
where 
E(di^.) = the predicted expected (mean) level of export of the ith 
crop 
^(0 9 n-l-k) ^ t-value for (1 - 0.9 = 0.1) probability level and 
(n - 1 - k) degrees of freedom and is obtained from 
statistical t table; for 15 degrees of freedom at 0.1 
probability level, the value of t is determined as 
1.341 and being used in this study 
n = the total number of observations 
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k = the total number of explanatory variables in the equation 
^dli ~ standard error of predicted export level of ith crop 
Both E(d-|^-) and are obtained from Equation (23). E(d^^), 
t(o g snd estimated export level under 0.9 probability level for 
1985 are presented in Table 17. 
Table 17. Estimated stochastic export levels (for a = 0.9) along with 
their predicted mean value [E(dii)] and standard error of pre­
dicted export levels of different crops for 1985 
Crop Unit E(dii) ^(0.9,15)*^d^. Export level 
Wheat mill. bu. 1287.99 250.5 1538.49 
Corn^ mill. bu. 2122.98 264.16 2387.14 
Oats^ mill. bu. 18.17 2.26 20.43 
Barley^ mill. bu. 64.71 8.05 72.76 
Sorghum^ mill. bu. 291.47 36.27 327.74 
Soybeans^ mill. bu. 1058.55 155.62 1224.17 
^Disaggregated from estimated feed grain export level based on 
historical proportion of individual crop export levels. 
^Includes soybean oil meal and soybeans as beans. 
High export level A sharp increase of one and half times of 1978 
export levels of all model crop commodities is assumed under high export 
level. The quantities of export of different crops thus estimated are 
presented in Table 18. Estimated export levels for soybean oil and 
cottonseed oil are 1468.2 and 711.9 million pounds, respectively, and were 
obtained from (5). Export of cotton lint is held at 1977-78 average of 
5.5 million bales. 
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Table 18. Estimated high export levels for different crops for 1985 
Crop Unit Export level 
Wheat mill, bu. 1685.85 
Corn mill. bu. 2922.0 
Oats mill. bu. 17.10 
Barley mill. bu. 85.80 
Sorghum mill. bu. 320.25 
Soybeans mill, bu. 1436.10 
Commodity prices 
Barley, corn grain, oats, wheat, cottonseed oil and soybean oil 
prices are restricted to be consistent with the regional level demand 
functions used in the model. Commodity prices are restricted such that 
value of output produced per acre does not exceed the variable cost of 
production per acre plus the rental return to fixed resources used per 
acre. All commodity prices, except for cotton, hay, and silage, are also 
restricted such that price differential across market regions does not 
exceed the transportation cost. As transportation activities for cotton, 
hay, and silage are not defined, price differential across regions is not 
restricted for these crops. 
Barley, corn grain, oats, wheat, cottonseed oil, and soybean oil 
prices are also restricted to satisfy the "grid equations." The "grid 
equations" permit appropriate objective function values corresponding to 
the price levels. The functions of "special variables" (s^) as explained 
under the section "Separable programming" in Chapter III are linearized 
into segments. Also, price square terms (pu) are linearized into seg-
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2 2 
merits. Each term has been linearized into 25 segments and each 
term is linearized into 10 segments. A schematic representation of this 
part of the model is presented in Figure 8. The figure shows the way 
"square terms" of the objective function of the model have been handled 
through separable programming procedure. As an example, the equation 
6 6 p 6 p 
TR = I d p + Z au.pt + z l/2sf 
i=l ^ i=l " ^ i=l 1 
(nonlinear part of the objective function of the present model), where i 
stands for the commodity, is presented in Figure 8. Each quadratic term 
2 2 (p^. and s^.) is divided into two linear segments. Thus, j is the jth 
2 
segment for ith commodity for linearizing p^ and is the jth segment 
2 for ith commodity for linearizing s^. Derivation of the special variables 
(s.) is presented in Appendix B. 
Commodity Transportation 
Transportation routes for wheat, corn grain, oats, barley, grain 
sorghum, soybean oil, cottonseed oil, and oil meal are defined between the 
central cities of the 9 market regions in this study (Figure 6). To 
simplify the derivation of transportation costs, all crop commodities are 
assumed to be moved by railroads (89). Cost of transportation for each 
commodity, cents per ton mile are given in (101). For deriving the energy 
need in transportation, it is assumed that one gallon of diesel fuel is 
required for every 235 ton mile of shipment by railroad (89). 
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Activities p-j P Q  ^12 ^21 ^22 — ^61 ^62 
^  2  2 2  ^  2  2 2  • * ^ 2 ' ^  2 2  
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Upper 
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Figure 8. Representation of the "separable part" of the model for one market region 
2-P21 ) 
'61 W Wo '62 "n "12 "21 "22 
^66^61 ®66^P62'P61^ ^^^^11 ^^^^21 ^/^(Sgg-sl^) 
W 61 W. 62 
2 .2 
62 =61' 
= 0 
= 0 
"Pel -(P62-P6i) 
M l  -(Si2-Sn) 
'21 -(S22-S2i) 
= 0 
= 0 
= 0 
1.0 1.0 1.0 
-s 61 \"62 "61 
1.0 
(Sc,-Sfil) = 0 
3ne market region 
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Alternatives Analyzed 
The major goal of this study is to examine the implications of differ­
ent policy alternatives related to changing energy prices and the crop 
export levels from U.S. In all, four model alternatives have been 
analyzed in this study and are summarized below: 
Alternative A: Low energy prices and high export demand 
This alternative attempts to simulate a situation for U.S. agricul­
ture where its crop export levels increase by 1.5 times 1978 levels in 
1985 but energy prices remain at 1979 levels. Average national energy 
prices used in this alternative are: 
Energy prices (in 1975 dollars) 
Diesel: 0.66 dollar/gallon 
Electricity: 0.06 dollar/kwh 
Natural gas: 2.88 dollars/th. cu. ft. 
IPG: 0.74 dollar/gallon 
Crop export levels for this alternative are presented in "High export 
level" under "Export demand" section of this chapter. 
Alternative B: High energy prices and high export demand 
The prices of energy are expected to reach a very high level by 1985. 
This alternative assumes that in 1985 the prices of diesel, electricity, 
and LPG will triple and natural gas price will increase by 2.5 times over 
1979 prices. The increase in natural gas price is assumed to be slightly 
less than other energy prices because of its already high price due to 
deregulation. Therefore, this alternative simulates a situation where 
energy prices and export levels are attained at a reasonably high level. 
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Export levels used in this alternative are the same as in Alternative A 
and the national average energy prices are: 
Energy prices (in 1975 dollars) 
Diesel: 1.99 dollars/gallon 
Electricity: 0.18 dollar/kwh 
Natural gas: 7.20 dollars/th. cu. ft. 
LPG: 2.22 dollars/gallon 
Alternative C: High energy prices and deterministic level of export 
demand 
In this model alternative energy prices for 1985 are assumed to be as 
high as in Alternative B. Export levels are estimated on the basis of 
population growth, production, and income levels (trend) in the importing 
nations. Therefore, this alternative tries to simulate a situation for 
1985 where the export levels follow its past trend coupled with high 
energy prices. The export levels estimated for this alternative are pre­
sented in "Deterministic level of export" under "Export demand" section of 
this chapter. 
Alternative D: High energy prices and stochastic level of export demand 
The only difference between this alternative and Alternative C is in 
their export levels. This alternative assumes a stochastic level of ex­
port rather than a deterministic level as of Alternative C. Here, in this 
alternative, the export levels are computed based on their random occur­
rence in the past. It is assumed that the export levels of different crop 
commodities follow normal distribution. Export levels estimated for this 
alternative is based on 0.9 probability level, i.e., there are 90 percent 
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chances that the actual export levels in 1985 will not exceed the esti­
mated levels. Export levels, thus, estimated for this alternative are 
presented in "Stochastic export levels" under "Export demand" section of 
this chapter. 
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CHAPTER V. RESULT AND DISCUSSION 
Results of the four model alternatives are presented and discussed in 
this chapter. Since the analysis is a normative one, results of the 
various model alternatives are compared with one another rather than with 
the actual values. In some cases, however, actual values are presented 
as a reference point. 
Large-scale models result in a very large amount of information in 
the form of solution output. It is, therefore, difficult to present all 
the information available from the solutions. A choice has to be made as 
to which variables to emphasize and to what detail they should be pre­
sented. In this chapter, estimated values of the variables of our prime 
interest and pertinent to the objectives of this study are, therefore, 
presented and discussed. 
National Acreage, Output, and Prices 
The abundance of highly productive land resources has placed U.S. 
agriculture at the top of all food producing nations of the world. How­
ever, until recently, for the last five decades U.S. agriculture has 
suffered a chronic problem of oversupply. Farm prices were consistent­
ly low and as a consequence farm income was depressed. This situation 
prompted the government to take actions leading to the reduction in farm 
commodity supplies and expanding the farm output demand. As a result, 
millions of acres of cropland were removed from production and large 
quantities of farm products were shipped to other nations as foreign aid. 
The oversupply situation of U.S. agriculture, however, now seems to be 
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changing. A strong and steady export demand in recent years appears to 
have offset the impacts of the old chronic problem of overproduction. 
Retired acreages are now being brought back into production. If foreign 
demand continues to grow, additional cropland will be used in agricul­
tural production. Also, a rising energy cost is expected to substitute more 
cropland for energy in the near future. 
Table 19 shows the U.S. crop production and cropland use under alter­
native export and energy situations estimated for 1985. The production 
levels are the equilibrium quantities determined by the equilibrium farm 
level prices (Table 20) estimated endogenously by the model. Thus, at the 
prices presented in Table 20, production of different crop commodities 
(Table 19) are exactly equal to their demand levels. Therefore, these 
estimated prices are acceptable to both, producers and consumers, for the 
determined levels of output. It is, however, pointed out that the prices 
of oil meal, sorghum, cotton lint, hay, and silage are not equilibrium 
prices. Demand levels for these crop products are exogenously determined 
and their prices are the national average shadow prices determined on the 
basis of production costs. 
Production levels, acreages, and prices for the various crop com­
modities are estimated to be higher in 1985 compared to their actual 1978 
levels. These increases in output levels and commodity prices have re­
sulted from an upward shift in crop commodity demand curve because of the 
higher export as well as increased domestic demand levels estimated for 
1985. 
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Table 19. Estimated production and acreage under the four model alterna­
tives for 1985 with 1978 values for comparison 
-jgyga Model alternatives for 1985 
Crop commodities actual A B CD 
Harvested acres (million acres) 
Wheat 56. 94 77.19 78.10 65.30 73 .26 
Feed grains^ 104, .52 134.16 135.91 122.58 127 .46 
Soybeans 53. .34 68.94 68.18 55.23 60 .09 
Cotton 12. .37 11.10 11.16 11.05 11,  05 
Roughages^ 70. ,86 75.47 75.24 76.06 76, .61 
Total 308. 03 366.87 368.58 330.22 348. .47 
Total production (millions) 
Wheat (bu.) 1797. 53 2449.09 2448.15 2050.33 2300. ,81 
Feed grains (bu.)^ 8737. 62 10271.39 10222.66 9418.72 9678. 49 
Soybeans (bu.) 1870. 18 2104.83 2100.02 1737.66 1893. 03 
Cotton (bales) 10. 86 12.0 12.0 12.0 12. 0 
^Source: (91). 
'^Includes corn, barley, oats, and sorghum acreages. 
^Includes corn silage, sorghum silage, legume hay, and nonlegume hay 
acreages. 
^In corn equivalent. 
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Table 20. Estimated farm-level national average commodity prices for the 
four model alternatives for 1985 with 1978 values for com­
parison^ 
Crop 
commodities Unit 
1978^ 
Actual 
Model 
A 
alternatives for 
B C 
1985 
D 
Wheat $/bu. 2.33 5.42 6.92 3.76 4.57 
Corn $/bu. 1.73 2.87 3.86 2.63 2.95 
Barley $/bu. 1.57 2.72 3.57 2.17 2.50 
Oats $/bu. 0.97 1.70 2.26 1.48 1.70 
Sorghum $/bu. 1.65 3.24 4.29 2.81 3.26 
Oil meal $/cwt 7.84 12.64 16.47 9.18 10.79 
Cotton lint Cts/1b. 45.37 31.85 40.0 39.0 40.0 
Hay $/ton 41.17 75.27 96.03 57.96 65.87 
Silage $/ton NA 11.05 14.21 10.57 11.51 
^All prices are in constant 1975 dollars. 
^Source: (90,93). 
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Compared to Alternative A, Alternative B increases its crop acreage 
by only 1.7 million acres as a result of threefold rise in energy prices. 
Also, production of wheat and feed grains has decreased in Alternative B 
because of an upward shift in crop commodity supply curve resulting from 
higher energy prices. Higher energy prices, thus, also raised the prices 
of all crop commodities under Alternative B. 
Under Alternative C, land use is at its minimum level as a result of 
the lowest level of export demand estimated for this alternative. A trend 
level export with high energy price situation is assumed to prevail under 
Alternative C. Nationally, this alternative uses about 22 million addi­
tional acres over 1978 level. Except for soybeans, production levels of 
all other crops are estimated to be higher here than they were in 1978. 
The decrease in soybean production results primarily from its reduced use 
as oil meal which is compensated by the increased production of cottonseed 
oil meal, a joint product of cotton lint, fixed in the model. 
Under Alternative D, where the estimated export levels are assumed to 
provide an upper limit with 90 percent probability for the actual export 
levels in 1985, 18 million acres of more cropland are used compared to 
Alternative C. 
Cotton production is held at its 1978 usage level of 12.0 million 
bales under all model alternatives. Similarly, roughage (hay and silage) 
production is also held fixed for all model alternatives estimated at 
251.3 million tons for 1985. 
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Since shadow prices basically reflect the cost of production, the 
price of cotton lint for all model alternatives in this study is estimated 
less than its actual price in 1978. 
Estimated regional level prices for major farm commodities under four 
model alternatives are presented in Appendix C. 
Regional Distribution of Acreage Under Major Crops 
National acreage and production for each model alternative were dis­
cussed in the previous section. The model also allows comparisons of acre­
age for the nine market regions shown in Figure 6 under each model alter­
native. Each alternative represents either a change in energy cost or in 
export demand levels. Therefore, shifts in regional production pattern 
among the model alternatives are expected. These shifts in production can 
have great impacts on a region's economic base. For each of the alter­
natives, Tables 21-23 present acreage distributions for wheat, feed grains 
(corn, barley, oats, and sorghum), and soybeans, respectively, at regional 
levels. 
Regional distribution of wheat acreage 
Table 21 presents the estimates of the regional distribution of 
acreage under wheat crop for each model alternative. 
Alternative A This alternative assumes high export levels and low 
energy prices. Nationally, 77 million acres are harvested to meet the 
total wheat demand estimated for 1985. Midwest is the largest producer of 
wheat followed by Mountain and Lake States under this alternative. 
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Table 21. Estimated distribution of wheat acreage among nine market 
regions under four model alternatives for 1985 
Model alternatives for 1985 (thousand acres) 
Market region A B C D 
Northeast 3,795.47 2,978. .81 2,978.81 2,979, .15 
Southeast 579.42 497. .23 0.0 579, .42 
Lake States 14,654.49 14,654. ,43 13,411.50 13,935. ,90 
Midwest 19,180.04 20,345. .47 12,292.32 14,871. .18 
Delta States 1,989.18 2,768. ,54 2,768.54 2,768. ,54 
Southern Plains 11,364.52 11,464. 59 15,702.43 16,016. 23 
Mountain 16,138.15 16,167. 47 9,613.35 13,203. 45 
North Pacific 8,059.42 7,822. 55 7,317.83 7,496. 06 
South Pacific 1,425.63 1,398. 46 1,213.69 1,408. 95 
United States 77,186.32 78,097. 55 65,298.47 73,258. 88 
Alternative B The only difference between this alternative and 
Alternative A is in their energy cost levels. Alternative B assumes three 
times higher energy cost than Alternative A. Because of high energy cost, 
approximately one million acres of additional land is brought under wheat 
production in this alternative. Significant increase in acreage use is 
estimated for Midwest and Delta States. However, a small reduction in 
acreage use is also estimated for Northeast, Southeast, North Pacific, and 
South Pacific regions. 
Alternatives C and D Alternative C assumes a trend level of ex­
port demand for 1985. For Alternative D, a stochastic level of export 
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demand at 0.9 probability is quantified to be higher than the export level 
estimated for Alternative C. High energy cost situation is assumed to 
prevail under both alternatives. Nationally, 65.3 and 73.3 million acres 
under wheat crop are estimated for Alternatives C and D, respectively. 
Instead of Midwest, Southern Plains is found to be the leading wheat pro­
ducing region in the nation under these alternatives. No wheat production 
is estimated in Southeast region under Alternative C. More land is used 
under Alternative D because of the estimated higher export levels under 
this alternative compared to Alternative C. 
Regional distribution of feed grain acreage 
Table 22 presents the estimates of the regional distribution of 
acreage under feed grain (corn, barley, oats, and sorghum) for all the 
model alternatives. 
Alternative A Nationally, 134.2 million acres are harvested for 
feed grains under this alternative. Regionally, Midwest holds the largest 
share with 51.2 million acres in total feed grains production. Midwest is 
followed by Lake States and Southern Plains with only 29.0 and 21.9 
million acres, respectively. 
Alternative B Since energy cost rises in this alternative com­
pared to Alternative A, an increased level of acreage use is estimated 
here that substitutes the energy intensive resources. A total of 135.9 
million acres are estimated under feed grains production. Acreage in­
crease is found for almost all leading feed grains producing regions in 
the nation when compared with Alternative A. A reduction in feed grains 
acreage, however, is estimated for Southeast and Mountain regions where 
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Table 22. Estimated distribution of feed grain acreage among nine market 
regions under four model alternatives for 1985^ 
Model alternatives for 1985 (thousand acres) 
Market region A B C D 
Northeast 7,246, .98 8,049, .37 8,092 .99 
00 00 
.42 
Southeast 3,809. .11 2,705, .80 9,656, .88 10,225. .66 
Lake States 29,035. ,85 29,046. ,41 27,961. .58 30,347. ,56 
Midwest 51,216. 51 51,588. .85 52,018. ,68 49,121. 83 
Delta States 7,181. 84 7,258. 18 6,487. ,84 8,949. 06 
Southern Plains 21,892. 98 22,957. 73 3,085. 02 6,490. 99 
Mountain 8,517. 58 8,230. 93 10,313. 22 9,095. 96 
North Pacific 3,043. 08 3,212. 33 3,495. 29 3,274. 31 
South Pacific 2,219. 49 2,857. 64 1,470. 83 1,818. 05 
United States 134,163. 42 135,907. 24 122,582. 33 127,462. 84 
^Aggregated over corn, barley, oats, and sorghum acreages. 
the released acreages shifted mainly to soybean production. 
Alternatives C and D Nationally, 122.6 and 127.5 million acres 
are estimated under Alternatives C and D, respectively. Except for 
Southern Plains, production pattern is found to be almost the same as in 
Alternatives A and B. A drastic reduction in feed grains acreage is ob­
tained for Southern Plains partly because of its shift to wheat produc­
tion. 
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Regional distribution of soybean acreage 
Table 23 presents the estimates of regional distribution of acreage 
under soybeans for four model alternatives. Production pattern is esti­
mated to be the same under all model alternatives. Nationally, maximum 
soybean acreage is estimated under Alternative A for which the export 
levels are held at maximum level. Midwest leads the nation in soybean 
production under each of the four model alternatives. North Pacific and 
South Pacific regions do not produce soybeans at all. When energy prices 
rise under Alternative B, a slight decrease in the acreage use is esti­
mated compared to Alternative A. This reduction in soybean acreage mainly 
comes through a reduction in soybean demand because of its estimated 
higher price in this alternative. 
Dry and Irrigated Cropland Use 
Nationally, 344.2 million acres under dry cropland and 30.9 million 
acres under irrigated cropland were made available to the current model 
under each of the four alternatives. Irrigated acreage is not defined for 
Delta States, Northeast, and Southeast regions in this study. Estimates 
of the cropland use under both irrigated and dry are presented in Table 
24. 
As a result of an increase in energy cost, 2.5 million acres of more 
dry cropland are brought into production under Alternative B compared to 
Alternative A. At the same time irrigated cropland use reduced only by 
about 0.8 million acres and is concentrated in Southern Plains. As the 
energy price starts to rise, energy intensive irrigated cropland becomes 
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Table 23. Estimated distribution of soybean acreage among nine market 
regions under four model alternatives for 1985 
Market region 
Model 
A 
alternatives for 
B 
1985 (thousand acres) 
C D 
Northeast 3,087.49 3,087.49 3,087.49 2,965 .51 
Southeast 12,144.47 13,048.43 2,697.67 5,010, .46 
Lake States 7,068.35 7,058.72 6,055.58 6,363, .12 
Midwest 24,460.41 23,334.70 29,291.55 29,962, .98 
Delta States 10,066.27 9,404.68 7,964.08 8,559. .24 
Southern Plains 10,274.67 10,410.37 4,295.02 5,389. .29 
Mountain 1,836.80 1,836.80 1,836.80 1,836. 80 
North Pacific 0.0 0.0 0.0 0. ,0 
South Pacific 0.0 0.0 0.0 0. 0 
United States 68,938.46 68,181.19 55,228.19 60,087. 80 
more expensive to use and is substituted by dry cropland. In this study 
under Alternative B, however, there was not enough scope for substitution 
since dry cropland was already in use almost to its fullest capacity for 
meeting the high levels of export demand. Midwest is the largest user of 
dry cropland followed by Lake States and Southern Plains. In irrigated 
cropland use, however. Mountain region ranks first under all model alter­
natives except for Alternative A where Southern Plains takes over the 
first place. 
As the export levels increase, more of both irrigated and dry crop­
land are used in production to meet the additional demand. Therefore, a 
Table 24. Estimated distribution of total dry and irrigated crop acreages among nine market regions 
under four model alternatives for 1985 
Model alternatives for 1985 (million acres) 
A B C D 
Irri- Irri- Irri- Irri-
Market region Dry gated Dry gated Dry gated Dry gated 
Northeast 22. 85 0.0 22. ,85 0.0 22, .85 0. 0 22. 
LO C
O 
0. ,0 
Southeast 19. ,02 0.0 19, ,02 0.0 14 .35 0. ,0 17, ,93 0, ,0 
Lake States 69. ,80 0.13 69, .80 0.13 65 .58 0. ,13 69, .80 0, .13 
Midwest 105, ,75 4.33 105, .75 4.33 105 .75 3, ,14 105, .75 3 .34 
Delta States 26, ,14 0.0 26 .14 0.0 22 .82 0, 0 26 .14 0 .0 
Southern Plains 51, .36 6.46 53 .27 5.70 38 .03 0 .93 41 .97 1 .46 
Mountain 32 .87 6.04 32 .87 6.03 31 .69 4 .08 32 .59 5 .08 
North Pacific 11 .36 4.36 11 .36 4.36 11 . 36 4 .13 11 .36 4 .13 
South Pacific 1 .59 4.80 2 .17 4.80 2 .25 3 .13 1 .70 4 .23 
United States 340 .74 26.13 343 .23 25.35 314 .67 15 .55 330 .09 18 .38 
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total of 314.7, 330.09 and 340.7 million acres of dry cropland are esti­
mated to be used under Alternatives C, D, and A, respectively. Similarly 
15.6, 18.4, and 26.1 million acres of irrigated cropland are harvested 
under Alternatives C, D, and A, respectively in this study. 
Rental Prices for Land Resource 
Rental prices for irrigated and dry cropland are directly available 
from the model solution for 105 producing areas (of course, only 58 pro­
ducing areas for irrigated cropland) shown in Figure 5. A weighted 
average of rental prices for dry and irrigated cropland is computed for 
each of the 9 market regions for each model alternative. The estimates 
are presented in Table 25. 
Higher export demand level creates more pressure on land resource 
resulting in a higher rental price for cropland. Thus, for Alternative A 
which assumes a very high export level, national average cropland rental 
price is estimated as 89.24 dollars per acre. Regionally, rental price 
for land resource varies quite widely ranging from 37.97 dollars per acre 
in Southern Plains to 138.57 dollars per acre in Northeast. Land rent 
higher than national average is estimated only for Northeast, Midwest, and 
North Pacific regions under Alternative A. 
Land rental price increases to 118.35 dollars per acre under Alterna­
tive B as a result of energy price rise compared to Alternative A. In­
crease in energy price substitutes land resource for other energy inten­
sive resources and thus creates an additional pressure on land resource 
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Table 25. Estimated rental prices for land in nine market regions under 
four model alternatives for 1985^ 
Model alternatives for 1935 (dollars per acre)^ 
Market region A B C D 
Northeast 138 .57 183 .41 40 .82 87 .20 
Southeast 64 .13 90 .96 24 .25 36 .13 
Lake States 76 .32 105, .29 23 .57 42. 30 
Midwest 128, .83 170, .26 56, .27 83, .88 
Delta States 49. 94 71. 13 5. .06 19, .52 
Southern Plains 37. ,97 53. ,80 20. ,69 28. ,72 
Mountain 74. ,38 91. ,96 14. ,62 30. ,34 
North Pacific 118. ,94 154. ,88 23. 52 50. 02 
South Pacific 89. 19 78. 94 62. 10 56. 09 
United States 89. 24 118. 35 33. 61 53. 83 
^Weighted average of rental prices for dry and irrigated land. 
^In constant 1975 dollars. 
which raises its rental price further up. Regionally, land rental prices 
have gone up proportionately for almost all regions under Alternative B 
compared to Alternative A. 
For Alternatives C and D, national average land rental prices are 
estimated as 33.61 and 53.83 dollars per acre, respectively. Under 
Alternative C, highest rental price for land resource is estimated for 
South Pacific which is closely followed by Midwest with 53.83 dollars per 
acre. For Alternative D, land rent is estimated to be higher in most 
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regions compared to Alternative C as a result of higher demand for crop­
land to meet relatively higher levels of export estimated under this 
alternative. 
Thus, it is found that as the export demand levels and energy prices 
increase, demand for land resource increases resulting in a higher rental 
price for its uses. 
Water Use and Its Rental Prices 
Like land, water is also a very important resource in agricultural 
production. Two sources of water supply--surface and ground (depletable 
and rechargeable) water--are defined in the present model. Water can be 
transferred from one producing area to another either by man-made canals 
or through natural flows. Table 26 presents the estimated total water 
(surface and ground) supply in each of the 9 regions under four model 
alternatives for 1985. It should be noted that the total amount of water 
shown for each region may not have been used entirely by that region. 
Part of that water may have been transferred to other regions. For exam­
ple, Table 26 shows that under Alternatives B, C, and D, Lake States does 
not supply water of its own but gets it from other regions to irrigate its 
0.13 million acres of cropland shown in Table 24. 
Alternative A is estimated to be using maximum amount of water among 
all the alternatives with 42.1 million acre-feet nationally. This alter­
native requires more water than other alternatives as a result of more 
irrigated acreage used to meet the expanded level of export. The same line 
of argument can be followed for using relatively low level of water under 
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Table 26. Estimated total requirement of water under four model alterna­
tives by endogenous crops in 1985^ 
Model alternatives for 1985 (thousand acre-feet) 
Market region A B C D 
Northeast 0.0 0.0 0.0 0.0 
Southeast 0.0 0.0 0.0 0.0 
Lake States 183.0 0.0 0.0 0.0 
Midwest 5,097.52 4,977.57 3,346.01 3,360.01 
Delta States 0.0 0.0 0.0 0.0 
Southern Plains 8,095.20 6,858.65 488.64 1,480.28 
Mountain 15,334.93 14,837.65 12,483.60 13,540.49 
North Pacific 7,940.20 7,770.87 7,258.88 7,258.88 
South Pacific 5,489.92 4,117.74 443.17 3,084.31 
United States 42,140.77 38,562.42 24,020.30 28,723.97 
^Includes surface and ground water. 
Alternatives C and D. As the energy prices rise, use of water is reduced 
in crop production. Energy is an important input to water supply. There­
fore, as the energy becomes more expensive the normative supply curve CMNK 
in Figure 9 shifts upward to C'M'N'K' by reducing the water availability 
from OW to OW. Consequently, water rental price moves up from CR to 
C'R*. Thus, because of the increase in energy prices about 3.6 million 
acre-feet less water is estimated to be used in Alternative B compared to 
Alternative A. 
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Figure 9. Demand-supply situation in the water sector of the model 
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Estimated water rental prices presented in Table 27 are the weighted 
averages of ground and surface water rental prices computed from their 
shadow prices. Higher rental price for water is estimated as the demand 
for irrigated cropland goes up because of increased export levels. There­
fore, 2.92, 4.46, and 6.0 dollars per acre-foot of water rental prices are 
estimated under Alternatives C, D, and A, respectively. A further in­
crease of 3.02 dollars per acre-foot in water rental price under Alterna­
tive B over Alternative A is estimated because of threefold rise in energy 
prices. Rental price for water varies quite widely from one region to 
another. For example, under Alternative D, whereas 30.71 dollars per 
acre-foot of water rental price is estimated for Midwest, only 0.69 dollar 
per acre-foot is estimated for North Pacific. Similar variation in water 
rental prices from region to region is estimated under other alternatives 
also. 
Nitrogen Use 
Nitrogen is a very important input in crop production. Two sources 
of nitrogen have been considered in this study. First, nitrogen can be 
obtained from livestock waste based on total livestock commodity demand 
estimated for 1985. Secondly, nitrogen can be purchased in the form of 
commercial fertilizer. Nitrogen from livestock is estimated to be the 
same for all alternatives since demand levels for livestock products are 
fixed in this study. Nitrogen from livestock, thus, estimated are pre­
sented in Table 28. The estimated share of livestock nitrogen in total 
nitrogen use is about 20 percent or more in this study. The importance of 
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Table 27. Estimated rental prices for water under four model alternatives 
for 19853 
Model alternatives for 1985 (dollars per acre-foot) 
Market region A B C D 
Northeast 0.0 0.0 0.0 0.0 
Southeast 0.0 0.0 0.0 0.0 
Lake States 2.11 0.0 0.0 0.0 
Midwest 7.76 26.56 18.20 30.71 
Delta States 0.0 0.0 0.0 0.0 
Southern Plains 12.03 13.75 1.39 3.91 
Mountain 18.93 28.45 8.98 12.63 
North Pacific 1.74 2.11 0.31 0.69 
South Pacific 6.21 3.99 4.92 5.22 
United States 6.00 9.02 2.92 4.46 
^Weighted average of rental prices for surface and ground water. 
livestock nitrogen is expected to grow as energy becomes more and more 
expensive. A total rent of 140.7 million dollars for livestock nitrogen 
use is estimated because of the increase in energy cost (from Alternative 
A to Alternative B). Regional distribution of this total rent from live­
stock nitrogen use is presented in Table 29. 
Because livestock nitrogen is limited in supply, the remainder of its 
requirement is met through the purchase of commercial nitrogen. Purchase 
of commercial nitrogen thus estimated under each alternative is presented 
in Table 30. Purchase of commercial nitrogen increases with the increase 
in crop commodity demand. Thus, 12.89, 13.93, and 16.23 billion pounds of 
no 
Table 28. Estimated availability of livestock nitrogen by market region 
in 1985 
Nitrogen from livestock 
Market region (million pounds) 
Northeast 385.91 
Southeast 299.46 
Lake States 623.20 
Midwest 1,389.15 
Delta States 224.73 
Southern Plains 362.03 
Mountain 402.82 
North Pacific 140.34 
South Pacific 202.90 
United States 4,030.43 
Table 29. Regional 
estimated 
distribution of total rent from livestock nitrogen use 
for 1985 
Market region 
Total rent from livestock nitrogen use 
(thousand dollars)® 
Northeast 19,290.53 
Southeast 11,978.37 
Lake States 24,927.81 
Midwest 41,674.56 
Delta States 6,741.88 
Southern Plains 10,860.99 
Mountain 12,084.44 
North Pacific 7,016.83 
South Pacific 6,087.10 
United States 140,662.51 
®In constant 1975 dollars. 
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Table 30. Estimated commercial nitrogen purchase in nine market regions 
under four model alternatives for 1985 
Model alternatives for 1985 (million pounds) 
Market region A B C D 
Northeast 818.13 840.84 771.05 833.33 
Southeast 579.98 568.80 798.32 941.07 
Lake States 1,971.62 1,971.89 C
O o
 
LO CO 1,991.57 
Midwest 6,623.97 6,378.07 4,943.43 4,993.75 
Delta States 908.50 1,039.35 972.15 1,074.73 
Southern Plains 2,651.86 2,566.45 1,441.09 1,739.22 
Mountain 810.51 808.47 614.77 700.96 
North Pacific 1,116.19 1,101.14 1,012.83 1,025.79 
South Pacific 750.78 873.52 487.39 625.65 
United States 16,231.54 16,148.52 12,892.11 13,926.07 
commercial nitrogen purchase are estimated under Alternatives C, D, and A, 
respectively. The largest crop producing region, the Midwest, is esti­
mated as the largest user of nitrogen under all model alternatives. A 
sharp increase of 84 percent in commercial nitrogen use is estimated for 
Southern Plains because of a big jump in production levels under Alterna­
tive A compared to Alternative C. 
Nitrogen uses energy quite intensively in its manufacture. There­
fore, a decrease in the consumption of commercial nitrogen is estimated 
under Alternative B compared to Alternative A because of the higher energy 
prices. However, this decrease is very insignificant (only about 0.5 per­
cent) compared to the steep rise of about 200 percent in energy prices. 
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Energy Use and Costs 
Energy is a critical input in crop production. Energy is required 
for farm machinery operations, crop drying, and irrigation. Energy is also 
required in manufacturing agricultural chemicals, fertilizers, and trans­
porting the agricultural commodities from one region to another. Energy 
is used in many forms, viz., diesel, gasoline, electricity, natural gas, 
and liquid petroleum gas (LPG). Total energy used as diesel, electricity, 
natural gas, and LPG estimated under each model alternative is presented 
in Tables 31-34. Gasoline has been converted into its diesel equivalent 
unit. 
Diesel 
Table 31 presents the estimated total use of diesel fuel under each 
model alternative in 1985. Whereas under the trend level of export 
(Alternative C) 4.3 billion gallons of diesel is required, the total re­
quirement of diesel fuel under stochastic level of export (Alternative D) 
and high level of export (Alternative A) are estimated as 4.6 and 5.1 
billion gallons, respectively. Midwest shares about 40 percent of the 
total estimated diesel use in the U.S. farm sector which is estimated to 
be the largest crop producer among all the regions. Lake States stands 
next to Midwest with its share of only 18 percent in the estimated total 
diesel fuel consumption. 
A sharp increase of 200 percent in diesel price in Alternative B 
causes a reduction in total diesel consumption by 88.4 million gallons 
from the estimated level of 5,107.51 million gallons under Alternative A. 
This reduction in diesel use is obtained largely because of more use of 
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Table 31. Estimated total diesel use under four model alternatives in 
nine market regions for 1985 
Model alternatives for 1985 (million gallons) 
Market region A B C D 
Northeast 313, .11 316 .64 318 .77 315, .95 
Southeast 243, .37 247 .82 144, .28 193, .63 
Lake States 844. 15 837, .52 799, .27 841, .67 
Midwest 1,909. .02 1,922, .57 1,795. ,45 1,818, .01 
Delta States 383. ,33 354, .0 292, .66 338, .65 
Southern Plains 777. 62 712. ,89 405. ,60 465. 58 
Mountain 452. 98 442. .77 364. .84 414, ,76 
North Pacific in. 61 110. ,48 106. ,48 106. ,43 
South Pacific 72. 32 74. 40 49. ,82 63. ,57 
United States 5,107. 51 5,019. ,09 4,277. 17 
CO LO L
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reduced tillage practices and reduction in irrigation activities resulted 
from high diesel prices. Regionally, however, an increase in diesel con­
sumption is estimated for Northeast, Southeast, and Midwest regions under 
Alternative B compared to Alternative A. The logic for this is that the 
efficient users of a resource should expand its use whereas relatively 
inefficient users should curtail it so that the net loss is minimized and 
a net reduction in its total demand is derived as soon as the price of 
that particular resource goes up. Because the objective function of the 
present model maximizes the total net revenue of the farm sector by mini­
mizing the cost, it is quite consistent that some regions have increased 
the use of diesel fuel in spite of a rise in its price. Thus, for mini­
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mi zing the increase in total cost a reshuffling in the input use levels 
among the regions while moving from one alternative to another is ob­
served. 
Electricity 
Estimates of total electricity use in the crop sector under four 
model alternatives are presented in Table 32. Nationally, 9.5, 8.3, 6.0, 
and 6.7 billion kwh of electricity requirements are estimated for 1985 
under Alternatives A, B, C, and D. Regionally, irrigated cropland using 
regions are estimated to be consuming most of the total electricity use. 
A threefold increase in the price of electricity under Alternative B re­
sults in a reduction of 12.6 percent in total electricity consumption com­
pared to Alternative A. The reduction is obtained through the reduced use 
of irrigated acreage and partly through the reduced use of introgen. 
Natural gas and liquid petroleum gas 
Estimated amounts of total natural gas and LPG consumption by the 
crop sector under each model alternative are presented in Tables 33-34, 
respectively. They follow the same pattern that is estimated for diesel 
and electricity use in 1985. Their (natural gas and LPG) levels of use in­
crease with the increasing levels of export and reduce as their prices go 
up. For natural gas, a 150 percent increase in price under Alternative B 
reduces its demand by only 1.5 percent compared to Alternative A. This 
reduction is achieved mainly because of the decreased use of fertilizers. 
For LPG, a threefold increase in its price under Alternative B has re­
sulted in 4.2 percent reduction in its use because of its reduced demand 
for crop drying resulting from lower levels of output compared to 
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Table 32. Estimated total electricity use under four model alternatives 
in nine market regions for 1985 
Model alternatives for 1985 (million kwh) 
Market region A B C D 
Northeast 356.01 360.47 379.31 359.15 
Southeast 304.96 314.38 207.67 276.28 
Lake States 838.53 827.40 775.30 835.28 
Midwest 1,777,05 1 ,744.91 1 ,407.81 1,429.97 
Delta States 310.70 340.99 295.42 327.65 
Southern Plains 1,626.60 1 ,443.41 542.72 642.60 
Mountain 1,564.94 1 ,127.20 721.62 822.20 
North Pacific 797.34 693.67 605.51 606.02 
South Pacific 1,936.86 1 ,463.39 1 ,043.28 1,371.13 
United States 9,512.99 8 
CM CO LO C
O 
5 ,978.64 6,670.28 
Table 33. Estimated total natural gas use under four model alternatives 
in nine market regions for 1985 
Model alternatives for 1985 (billion cubic feet) 
Market region A B C D 
Northeast 21. 76 22 .33 20 .78 22 .15 
Southeast 15. 75 15, .54 20, .37 24, .20 
Lake States 52. 22 52. 20 49, .0 52 .72 
Midwest 170. 27 164. 17 126. .90 128. 24 
Delta States 23. 61 26. 93 25, .05 27, .70 
Southern Plains 92. 02 85. 47 41. .41 50. .01 
Mountain 22. 04 21. ,73 16. .59 18. .80 
North Pacific 27. 70 27. 35 25. 17 25. 48 
South Pacific 18. 68 21. 56 12. 17 15. 53 
United States 444. 05 437. 28 337. 44 364. 83 
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Table 34. Estimated total liquid petroleum gas use under four model 
alternatives in nine market regions for 1985 
Model alternatives for 1985 (million gallons) 
Market region A B C D 
Northeast 73 .67 75 .33 56 .19 76 .69 
Southeast 0 .0 0, .0 0, .0 0. 0 
Lake States 205 .35 204, .87 204. 30 210, .57 
Midwest 410. 41 390. 66 327. .87 329, .68 
Delta States 1 , .19 4. .26 4, .26 4. ,26 
Southern Plains 35. ,72 24. ,36 5. ,21 6. ,50 
Mountain 14. ,52 10. ,53 9. ,78 10. ,45 
North Pacific 0. ,16 0. 16 0. ,15 0. 15 
South Pacific 0. 22 0. 22 0. 01 0. 22 
United States 741. 24 710. 39 607. 77 638. 52 
Alternative A. Largest feed grains producing region. Midwest, consumes 
more than 50 percent of the total use of LPG under all model alternatives. 
Total expenditure on energy 
Table 35 shows the estimated total cost on energy (aggregated over 
diesel, electricity, natural gas, and LPG) under four model alternatives 
by market regions for 1985. Also, an account of total expenditure on 
energy by energy type is presented in Table 36. Under Alternative A, 
where the energy prices are assumed to be low, a total cost of 5.46 
billion dollars is estimated. When the energy prices increase by about 
three times under Alternative B, total energy expenditure increases by a 
significant amount of 15.3 billion dollars. Total energy expenses of 12.7 
and 13.6 billion dollars are estimated for Alternatives C and D, respec-
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Table 35. Estimated total expenditure on energy in nine market region 
under four model alternatives for 1985 
Model alternatives for 1985 (million dollars)^ 
Market region A B C D 
Northeast 418.71 1,227.05 1,176.49 1,226.23 
Southeast 237.77 698.94 499.50 645.68 
Lake States 869.85 2,470.98 2,428.57 2,559.17 
Midwest 1,973.21 5,644.45 4,983.90 5,040.79 
Delta States 317.96 908.84 770.65 880.99 
Southern Plains 794.46 2,048.60 1,049.74 1,223.95 
Mountain 417.59 1,133.87 899.59 1,019.91 
North Pacific 211.31 571.70 499.62 536.30 
South Pacific 217.06 564.53 374.12 485.08 
United States 5,457.92 15,268.96 12,682.17 13,618.09 
^Constant 1975 dollars. 
tively. The burden of energy price increase is heaviest on Midwest 
region since its share in crop production is highest in the nation. 
Table 35 shows that among energy types, the expenditure on diesel is 
largest followed by natural gas. The share of diesel in total energy ex­
penditure is estimated to be more than 60 percent under all model alterna­
tives. Finally, it is estimated that an approximate 200 percent increase 
in energy price will increase the total energy budget for the crop sector 
by about 180 percent. However, the reduction in its total use will be 
only 2.6 percent which exhibits the existence of an inelastic demand curve 
for energy in U.S. farm sector. 
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Table 36. Estimated total expenditure on energy by energy type under four 
model alternatives for 1985 
Model alternatives for 1985 (million dollars)^ 
Energy type A B C D 
Diesel CO
 
00
 
54 9,371.54 7,989.87 8,549.25 
Electricity 554. 09 1,485.78 1,059.32 1,185.34 
Natural gas 1,190. 82 2,874.68 2,317.01 2,499.37 
Liquid petroleum 
gas 534. 50 1,536.96 1,315.98 1 ,384.13 
Total 5,457. 94 15,268.96 12,682.18 13,618.09 
^In constant 1975 dollars. 
Feed Grains Composition 
A fixed level of feed grains demand is derived from livestock demand 
for all model alternatives in this study. The crops included in feed 
grains are corn, barley, oats, sorghum, and wheat. Quantities of these 
feed grain crops in total feed grains demand is endogenously determined by 
the model so that the total cost to the feed grains buyers (livestock 
producers) is minimized. Therefore, an optimum mix of feed grains results 
under each alternative in this study. 
Table 37 shows the quantities of individual crop in feed grains mix 
under each of the four model alternatives for 1985. Actual feed grains 
composition that existed in 1978 is also presented for comparison. About 
400 million bushels of more feed grains demand is estimated for 1985 as 
compared to 1978. This increase has resulted from a higher demand for 
livestock products estimated for 1985. However, a decreased use of corn 
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Table 37. Estimated composition of feed grains under four model alterna­
tives for 1985 
^gyga Model alternatives for 1985 (million bushels) 
Crop actual A B C D 
Corn 4,200.0 3,524.38 3,523.86 3,506.73 3,517.84 
Barley 206.1 782.39 782.39 782.39 782.39 
Oats 527.9 497.80 380.04 669.0 554.93 
Sorghum 545.0 1,337.32 1,511.63 1,373.23 1 ,423.28 
Wheat 180.1 0.0 0.0 0.0 0.0 
Total^ 5,350.85 5,758.89 5,758.89 5,758.89 5,758.89 
^Source: (93.94). 
^In corn equivalent. 
as feed grains is estimated under all model alternatives for 1985 compared 
to 1978 situation. This decrease has been compensated by a large in­
crease in sorghum and barley use. The use of oats as feed grains is 
estimated approximately at the same level as it was in 1978. Wheat as 
feed grains is not used under any alternatives in this study. As the 
export levels for the crop commodities increase (from Alternative C to 
Alternative D to Alternative A), a decrease in the use of oats and in­
crease in the use of corn and sorghum is estimated. Also, because of the 
increase in energy cost under Alternative B compared to Alternative A, sub­
stitution of sorghum for oats is estimated. The use of oats is reduced by 
117 million bushels, whereas the use of sorghum is increased by about 54 
million bushels. This substitution is consistent since per pound of oats 
uses more energy than a pound of sorghum reported by Dvoskin and Heady 
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(25). However, no change is estimated in the usage levels of corn and 
barley as feed grains when the energy price goes up under Alternative B 
compared to Alternative A. 
Cash Receipts from Farm Marketing of Endogenous Crop Commodities 
Cash receipts from farm marketing of crop commodities are derived by 
multiplying the estimated level of each crop commodity with its estimated 
farm level equilibrium price (of course, shadow prices for those crop 
commodities whose demand levels are exogenously determined). Cash re­
ceipts for each crop commodity thus estimated for each model alternative 
are presented in Table 38. For Alternative A, cash receipt is estimated 
as 76.8 billion dollars with an increase of about 8.5 billion dollars over 
Alternative D. Alternative D represents a situation where there are 90 
percent chances that the actual export levels in 1985 within the estimated 
export levels. Alternative A represents a very optimistic export situa­
tion for 1985 which assumes a 50 percent increase in the foreign demand 
for crop products over 1978 levels. Under the trend level of export 
(Alternative C), total cash receipt is estimated as only 58.2 billion 
dollars which is still higher than the actual 1978 level (91). A sharp 
increase of 21 billion dollars because of threefold rise in energy price 
is estimated under Alternative B compared to Alternative A. The reason 
for this increase is the large increase in commodity prices obtained under 
Alternative B. Cash receipt is estimated highest from corn sale and is 
followed by wheat and oil meal sale. 
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Table 38, Estimated cash receipts from the model endogenous crop com­
modities under four model alternatives for 1985 
Model alternatives for 1985 (million dollars)^ 
Crop commodity A B C D 
Wheat 13,274.06 16,941.21 7,709.25 10,054.56 
Corn 20,275.89 27,258.69 16,268.04 19,059.74 
Barley 2,849.98 3,738.06 2,203.16 2,558.53 
Oats 1,089.47 1,181.47 1,201.31 1,189.82 
Sorghum 5,753.05 7,893.35 4,699.69 5,719.04 
Oil meal^ 13,024.36 16,970.82 7,866.74 10,038.43 
Oil^ 7,358.35 7,358.35 6,944.28 7,140.95 
Cotton lint 1,834.56 2,304.0 2,246.40 2,304.0 
Hay 10,074.44 12,852.97 7,844.77 8,817.15 
Silage 1,295.91 1,666.51 1,239.62 1,349.86 
Total 76,830.07 98,165.43 58,223.26 68,232.08 
®In 1975 dollars. 
'^Includes soybeans and cottonseed. 
Food Costs 
An increase in export levels raises the prices for farm commodities by 
shifting the demand curve to its right. Because of the price inelastic na­
ture of the crop demand functions estimated for the United States (7), com­
modity prices increase proportionately more than the reduction in demand 
resulting in an increase in food budget for U.S. consumers. The increase 
in crop commodity prices as the export levels increase can be seen under 
Alternatives C, D, and A in Table 20. The increase in energy cost pushes 
the commodity supply curve to its left resulting in higher prices and 
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reduced availability of the commodities. This again increases the food 
costs for the consumers. Actually, it is estimated that the increase in 
energy price increases the total food costs proportionately more than 
total production costs in this study. As a result, the increased energy 
cost is not only passed on to the consumers but because of the very in­
elastic nature of the commodity demand curve, crop producers actually gain 
from the increase in the energy prices. Thus, Table 39 shows the esti-
mated change in food costs for the consumers under each model alternative 
in this study. 
Table 39. Index of food costs estimated for 1985 under four model alter-
natives 
Model alternatives for 1985 
A B C D  
Index of food costs 100 131.9 84.2 95.8 
It is, however, pointed out that the present study does not consider 
the probable adjustments that would occur in the livestock sector because 
of the higher prices for feed grains and oil meals resulting from their 
increased export levels and higher energy costs. Higher prices for the 
feed grains and oil meals are expected to shift the supply curve of the 
livestock commodities to the left resulting in higher prices and reduced 
quantities particularly for those livestock products that use feed grains 
and oil meals more intensively, e.g., beef and pork (Table 43). Because 
the demand for beef and pork is relatively more price elastic (33), a re­
duction in their demand is expected. Therefore, the livestock sector will 
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adjust by substituting chicken for pork and beef. This will cause a de­
crease in the demand for feed grains in the crop sector and, therefore, a 
further adjustment in the crop sector is expected to take place. Since 
the livestock sector is exogenous to the present model, the above men­
tioned adjustments in the livestock sector and the consequent impacts in 
the crop sector are not estimated. 
Export Revenue 
In the recent years, agricultural export has assumed a very important 
role in the U.S. economy. Export of farm commodities is generating 
foreign exchange and helping the economy in making the payments for the 
imported energy. Export is also helping the farm economy by improving the 
farm commodity prices and consequently improving the farm income. 
Revenue from the export of farm products under each alternative is 
computed on the basis of the estimated prices presented in Table 20. 
Estimated export levels under different model alternatives are presented 
in Tables 16, 17, and 18 in Chapter IV. Table 40 presents the revenues 
from the crop export under four model alternatives estimated for 1985. 
Actual total revenue for 1978 includes the revenues from all agricultural 
exports and, therefore, is not really comparable with the estimated values 
for 1985. However, the actual export revenue in 1978 gives an idea of the 
value of total export generated in the U.S. farm sector. Revenue from the 
export of model crops under Alternative C is estimated as 17.7 billion 
dollars. Export revenue jumps up by about 63 percent under Alternative A 
because of increased prices and also increased quantities estimated under 
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Table 40. Estimated revenue from the export of model crop commodities 
under four model alternatives for 1985 
1978^ Model alternatives for 1985 (million dollars)^ 
Crop commodity actual A B C D 
Wheat 9,137.31 11 ,666.08 4,842.88 6,723.21 
Feed grains^ 9,686.20 12,997.75 6,569.95 8,327.14 
Oil meal^ 8,575.89 11,174.44 4,635.74 6,240.38 
Oil® 569.69 569.69 646.46 612.79 
Cotton lint 840.84 1,056.0 1 ,029.60 1,056.0 
Total 22,521.80^ 28,809.92 37,463.96 17,724.63 22,959.52 
^Source: (90). 
^In constant 1975 dollars. 
^Includes corn, barley, oats, and sorghum. 
"^Includes soybean oil meal and cottonseed oil meal. 
®Includes soybean oil, cottonseed oil, and also soybeans as beans in 
oil equivalent. 
^Includes all agricultural exports. 
this alternative. The increase of 30 percent in export revenue under 
Alternative B over Alternative A, however, is only because of the in­
crease in commodity prices resulting from higher energy cost. Thus, 37.5 
billion dollars of export revenue from the crop commodities of the model 
is estimated for the U.S. economy for 1985. 
Net Return to Crop Sector 
Net return to crop sector is computed by subtracting the total pro­
duction cost from total cash receipt from farm marketing. The objective 
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function of the present model is defined as: 
max dp + p'Dp - c'x - b'u 
where dp + p'Dp represents the total cash receipt from the crops endoge­
nous to the model, viz., wheat, corn, barley, oats, sorghum, soybeans, 
cotton, hay, and silage; c'x is total cost of production of the model 
endogenous crops; and b'u is the total rent to the fixed resources used in 
the production. At optimum: 
dp + p'Dp - c'x - b'u = 0 
or 
b'u = dp + p'Dp - c'x 
or 
total rent = total cash receipt - total production cost 
Thus, total rent to the fixed resources, viz., land and water provides an 
estimate of net return to crop sector in the present study. Net return, 
thus estimated, is presented in Table 41, 
Approximately 11.3 billion dollars of net farm income is estimated 
under Alternative C, where export is estimated at trend level and energy 
price is assumed to be approximately three times higher than 1979 level. 
Under Alternative D, where the maximum export level in 1985 is expected to 
be within the estimated export level with 0.9 probability level, the net 
return is estimated as 19.1 billion dollars. Whereas under Alternative A, 
net return to crop sector is estimated to be tripling over Alternative C, 
it increases by four times under Alternative B. Because of the increase 
in energy price, net return under Alternative B increases by about 34 per­
cent over Alternative A. Thus, the increase in net return because of an 
126 
Table 41. Estimated total and regional net farm income from the model 
endogenous crops under four model alternatives for 1985 
Model alternatives for 1985 (million dollars)^ 
Market region A B C D 
Northeast 3,165. ,77 4,190.18 932.58 1,992.21 
Southeast 1,219. ,55 1,729.92 347.96 647.78 
Lake States 5,337. 61 7,363.61 1,549.19 2,958.54 
Midwest 14,220. 97 18.873.60 6,187.80 9,252.95 
Delta States 1,305. 60 1,859.67 115.44 510.25 
Southern Plains 2,292. 79 3,266.79 807.32 1 ,253.29 
Mountain 3,184. 67 3,999.65 635.14 1,313.77 
North Pacific 1,883. 62 2,451.25 366.69 780.25 
South Pacific 604. 44 668.48 335.89 345.87 
United States 33,215. 02 44,403.15 11,278.01 19,054.91 
^In constant 1975 dollars. 
increase in energy price suggests that the farm sector actually benefits 
from such a rise in energy prices. The increase in energy cost results in 
a cut back in production and actually raises the commodity prices to such 
a level that they not only cover the increase in total production cost but 
also bring additional revenue to the crop sector. 
As the export level increases or energy price goes up, all the regions 
benefit by realizing a higher income. The Midwest is estimated to have 
the highest total income followed by the Lake States and Northeastern re­
gion under all alternatives. However, because of energy price rise or an 
increase in export level, net return does not increase in the same propor­
tion for all regions. For example, whereas the Midwest shares 55 percent 
of total net income of the crop sector under Alternative C, the share 
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reduces to 43 percent under Alternative B. At the same time, the share of 
the Southern Plains in total net income increases from 7 percent under 
Alternative C to 9 percent under Alternative B. Thus, the benefit from 
the changing situation in the U.S. farm sector is not proportionately 
distributed in all regions. The position of a particular region in the 
distribution depends on its efficiency in energy input use and also the 
type of crop it is growing. 
It is recognized, however, that the increase in net return either 
because of the changing export levels or due to a change in energy situa­
tion may have been overestimated. The impact of the adjustment in live­
stock sector on the crop sector because of crop commodity price changes is 
not captured in this study and this already has been explained in the 
section on food costs. Thus, net returns are computed under the assump­
tion of the existence of an absolutely inelastic demand structure in the 
livestock sector (from present model's reference point where livestock 
sector is handled exogenously). The estimated increase in net return in 
the crop sector because of increased export levels, however, is quite 
consistent when compared with their actual occurrences in the past. 
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CHAPTER VI. SUMMARY AND CONCLUSION 
In recent years, the role of U.S. agriculture has become exceedingly 
important in its national economy. Whereas the farm sector shares only 3 
percent of the total national energy use for its on-farm operation, it is 
helping the whole economy by generating billions of dollars of foreign 
exchange through its farm commodity exports. The importance of energy in 
U.S. agriculture, however, should not be underestimated because of its 
small share in the total national energy use. U.S. agriculture is highly 
dependent on the energy supply for its machinery operations, crop drying, 
and irrigation. Also, inputs such as fertilizers, pesticides, and herbi­
cides that are critical in agricultural production require substantial 
amounts of energy in their manufacture. Therefore, an energy crisis ei­
ther in the form of reduced supply or in the form of high prices is ex­
pected to have significant impact on agricultural production. The U.S. 
farm sector is also faced with the problem of uncertain foreign demand for 
its crop products. In the past, export levels have been very erratic and 
uncertain because of random weather conditions in the importing nations. 
These fluctuations in export levels across their growth are expected to 
continue in the future by placing the U.S. farm sector under an uncertain 
export demand situation. The present study attempts to address these 
problems of U.S. agriculture by analyzing the possible impact of rising 
energy prices under an uncertain export demand situation. The analysis is 
extended to include trend and high level export demand situations for U.S. 
farm commodities. 
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For analyzing the impact of high energy prices under different export 
situations on U.S. agriculture, a quadratic programming model of self-dual 
nature was formulated. The model was then solved by using a separable 
programming technique. With uncertainty incorporated in export demand, 
the model was solved under a chance constrained programming framework. 
In this study, the continental United States is divided into 105 
homogeneous producing areas. Irrigation activities are defined only for 
the last 58 producing areas (i.e., PA48 to PA105). These 105 producing 
areas are then aggregated into nine market regions where a central city is 
defined for each of them. The production sector of the model is 
represented by an activity analysis type of submodel. The model also in­
cludes an energy sector, water sector, nitrogen sector, and a transporta­
tion submodel. Supplies of diesel, electricity, natural gas, and liquid 
petroleum gas are defined in the energy sector. Gasoline has been con­
verted into its diesel equivalent unit. Water sector supplies ground 
(depletable and rechargeable) water and surface water. Water can be 
transferred from one producing area to another either by man-made canals 
or through natural flows. The nitrogen sector includes two sources of 
nitrogen supply—commercial fertilizer and livestock manure. Whereas com­
mercial nitrogen can be purchased in any amount, the livestock nitrogen 
supply is limited to estimated livestock production for 1985. Transporta­
tion sub-model includes the transportation activities for crop commodities 
and are defined between the central cities of nine market regions. 
The crop commodities included in this study are wheat, corn, barley, 
oats, sorghum, soybeans, cotton, hay (legume and nonlegume), and silage 
130 
(corn and sorghum). The production sector supplies these crop commodities 
through various crop rotation activities defined in the model. Except for 
cotton lint, demands for all other crop commodities are defined at re­
gional levels. Demand for cotton lint is specified only at the national 
level. Demand functions for wheat, corn, barley, oats, soybean oil, and 
cottonseed oil are incorporated in the model and their demand levels are 
endogenously determined. Demand levels for cotton lint, hay, silage, oil-
meals and sorghum are exogenously determined and fixed to the model. 
Total demand for a crop commodity is derived from its industrial and 
direct human consumption demand, livestock demand, and export demand. 
Except for hay, silage, and cotton lint, all other crop commodities can 
be transported from one market region to another. 
Three tillage practices—residue removed, residue left, and reduced 
tillage—are defined for each crop rotation under both dry and irrigated 
cropland. 
Finally, the model which is constructed to simulate the competitive 
situation of U.S. agriculture for 1985 maximized the net return for the 
crop sector subject to various resource availability constraints. When 
solved, the model determined the equilibrium quantities and prices of the 
crop commodities for which demand functions are incorporated in the model. 
Important results of the study are summarized in Table 42. Alterna­
tive A represents a situation that assumes a low energy price (approxi­
mately 1979 level) and high export levels (50 percent increase over 1978 
export levels). For Alternative B, energy prices are increased three 
times over the energy prices under Alternative A. Thus, Alternative B 
131 
Table 42. Indices of various items under four model alternatives esti­
mated for 1985 
Items A 
Model alternatives 
B 
for 1985 
C D 
Dry cropland use 100.0 100,7 92.3 96.9 
Irrigated cropland use 100.0 97.0 59.5 70.3 
Water use 100.0 91.5 57.0 68.2 
Nitrogen use 100.0 99.5 79.4 85.8 
Energy use 100.0 97.4 79.4 85.2 
Energy cost 100.0 279.8 232.4 249.5 
Land rent 100.0 132.6 37.7 60.3 
Water rent 100.0 150.3 48.7 74.3 
Cash receipt 100.0 127.8 75.8 88.8 
Net farm income 100.0 133.7 34.0 57.4 
Export level 100.0 100.0 74.9 86.1 
represents a situation of high energy prices tied with high export levels. 
Alternative C assumes a trend level of export (based on population income, 
production levels and income levels in the importing nations) coupled with 
high energy prices. Alternative D simulates an uncertain situation for 
U.S. crop exports such a way that there are 90 percent chances that the 
actual export levels in 1985 will fall within their estimated levels. 
Export levels thus estimated for Alternative D are higher than their 
levels in Alternative C but lower than the levels under Alternative A and 
B. High energy prices are assumed to prevail under this alternative 
situation. 
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Acreage use, production levels, and prices for endogenous crop com­
modities are estimated to be higher in 1985 compared to their 1978 levels 
because of the increased domestic as well as export demand levels for 
endogenous crop commodities projected for 1985. 
Table 42 shows that with the increasing level of export of crop com­
modities, usage level of all resources increases. Thus,a higher level of 
dry cropland, irrigated cropland, water, nitrogen, and energy use is 
estimated under Alternatives A and B compared to Alternatives C and D. 
The increase, however, is not in the same proportion for all inputs. For 
example, with 33.5 percent increase in export level under Alternative B 
over Alternative C, while water use increases by 60.5 percent, the use of 
nitrogen increases by only 25.3 percent. 
When energy price triples under Alternative B compared to Alternative 
A, except for dry cropland, the use of all other energy intensive inputs 
reduces. Thus, a substitution of dry cropland for irrigated cropland and 
other energy intensive inputs is observed. Estimated reductions in the 
energy intensive inputs because of threefold increase in energy prices are 
three percent for irrigated cropland, 8.5 percent for water, 0.5 percent 
for introgen and 2.6 percent for energy. However, at the same time dry 
cropland use is estimated to increase by only 0.7 percent. 
As the export demand levels increase, more pressure is developed on 
the limited resources like land and water. Consequently, the rental prices 
of these resources increase. Thus, 251.7 percent increase in land rental 
price and 208.6 percent increase in water rental price are estimated as a 
result of 33.5 percent increase in the export levels under Alternative B 
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compared to Alternative C. In addition to the high export levels, high 
energy prices also create pressure on land which pushes its rental price 
further up. Thus, an increase of 32.6 percent in land rental price is 
obtained under Alternative B compared to Alternative A. 
Water for irrigation becomes more expensive as the energy prices in­
crease resulting in a reduction in its supply. This causes the rental 
price for water to increase. This is the reason why 50.3 percent increase 
in water rental price is estimated under Alternative B compared to Alter­
native A. 
An increase in export demand raises the commodity price in the market 
and as a consequence cash receipts for the crop sector also increase. 
Thus, because of higher export levels under Alternative B compared to 
Alternative C, an increase of 68.6 percent in the farm cash receipt is 
estimated. Also, the increase in energy prices causes a reduction in the 
supply of crop commodities and results into higher prices for them. 
Therefore, 27.8 percent increase in cash receipt because of higher energy 
prices is estimated under Alternative B compared to Alternative A. 
A substantial increase of 293.2 percent in net farm income from 
endogenous crops is estimated under Alternative B compared to Alternative 
C as a result of 33.5 percent increase of the export demand. As previous­
ly noted, an increase in energy cost also increases the prices of the crop 
commodities. It is found that the increase in commodity prices because of 
the higher energy costs is so high that they not only cover the increased 
production costs but also bring additional income to the crop sector. 
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Thus, 33.7 percent increase in net farm income is estimated under Alterna­
tive B compared to Alternative A because of an energy price hike. 
Finally, it may be concluded that if export levels remain high and 
energy prices continue to rise and farmers respond to the energy price 
increase rationally by reducing production, they will have higher net 
income because of the price inelastic demand structure for the crop com­
modities. At the same time consumers will lose as their food bill in­
creases because of the higher commodity prices. Also, a change in the 
food mix in the consumer's basket is expected to be seen. Consumption of 
chicken is expected to increase, whereas the consumption of beef and pork 
that use feed grains intensively will decline. A change in feed grains 
composition is also expected. Livestock producers will try to economize 
by using more coarse grains and reducing corn that uses energy very inten­
sively in its production. The farm sector is expected to conserve energy 
by reducing the waste and using all energy intensive inputs more effi­
ciently. Reduced tillage practices will appear to be an attractive alter­
native and is expected to be widely used to face the challenge of in­
creasing energy prices. Reduced tillage will also help in reducing the 
loss of precious top soil and will have positive impact on environment. 
Manure will substitute the inorganic fertilizers particularly for nitrogen 
use to the maximum possible extent. Also, irrigated cropland will be 
substituted by dry cropland wherever it is physically and economically 
feasible. 
The present study provides only partial clues to a set of changes, 
namely the adjustments in resource use, changes in input and output 
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prices, changes in production and incomes in the farm sector which results 
from rising energy prices under various export demand situations. There 
are several areas of energy use in agriculture on which this study does 
not provide any information. Obtaining more information on various as­
pects of interrelationships between energy and farm sectors, and the 
economy and integration of all such information is necessary for devising 
public policies for dealing with the issues affecting the farm sector. 
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APPENDIX A. COMMODITY DEMAND 
The procedure adopted for determining the total demand of different 
farm commodities along with their estimated equations is presented in this 
appendix. Ordinary least square (OLS) method has been used to estimate 
the equations. However, in the presence of autocorrelation, generalized 
least square (GLS) estimation method is used so that the estimates become 
free from the effect of autocorrelation. Each equation, which is esti­
mated econometrically, is accompanied by its summary statistics. The 
coefficient's standard error is presented in parentheses below the co­
efficient. Durbin Watson test statistic (DW), coefficient of multiple 
correlation (R ), and total number of observations (n) have been presented 
with most of the equations. 
Domestic demand for livestock products 
The per capita consumption of beef, pork, chicken, turkey, lamb, and 
milk are projected with the estimated equations given below: 
Appendix A1. Estimation of Commodity Demands that 
are Exogenous to the Programming Model 
Beef: Og^ = e 
n = 24 
[4.5480 - 0.0064BP + 0.0001 INC + 0.0149T] 
(0.0005) (0.00003) (0.0019) 
DW = 1.84 = 0.99 
Pnrk. n = -[3.872 + 0.0035BP - 0.0113PP + 0.0052CP + 0.00024INC 
^PC ^ (0.0012) (0.0012) (0.0017) (0.00009) 
- 0.0071T] 
(0.0072) 
n = 24 DW = 2.17 = 0.87 
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ru- n - a-l.3117DnO.3589 0.0.1995 -0-0.6252 ..,.0.6065 ^-0.0184 
Chicken. e (0.0908)^^^(0.0617)^^(0.0716)^'^^(0.0731 )^(0.0213) 
n = 24 DW = 1.93 = 0.99 
Turisz: Q^c = eT-3734TP^^^44}4^Bp0.^104^^pp0 
n = 21 DW = 2.09 R^ = 0.96 
i=mK. n - ,5.5372,p-0.9250 ,-0.3665 ^-0.6498 
^LC ® (0.5319)^^^(0.3394) ' (0.3698) 
n = 24 DW = 1.79 pf = 0.94 
Milk: Q„p = 776.7102 - 16.6908T + 0.28477^ 
(4.4496) (0.1403) 
n = 24 DW = 1.80 = 0.99 
Eqqs: = 275 
where 
Qg^ = per capita consumption of beef in pounds 
QpQ = per capita consumption of pork in pounds 
= per capita consumption of chicken in pounds 
= per capita turkey consumption in pounds 
Qlc = per capita consumption of lamb in pounds 
= per capita consumption of eggs 
= per capita consumption of milk in pounds 
BP = deflated (with consumer price index) retail price per pound 
for beef 
PR = deflated retail price per pound of pork 
CP = deflated retail price per pound of chicken 
TP = deflated retail price per pound for turkey 
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LP = deflated retail price per pound for lamb 
INC = real disposable income per capita in dollars 
T = trend variable 
Export demand for livestock products 
Following are the equations estimated for net import/export of beef, 
pork, and chicken. For other livestock products, their net imports/ 
exports are held at 1973-75 average. 
Beef: Q.,nT = -15291.9632 - 137.1319T + 83.7342P0P + 26.9306 BP 
(103.5621 ) (41.9340) (11.535) 
n = 23 DW = 1.70 = 0.88 
Pork: QwDT = -3773.1788 - 66.8845T + 16.3462P0P + 0.6116 INC 
(30.7557) (9.0774) (0.1884) 
n = 23 DW = 1.88 R^ = 0.78 
Chicken: = -116.0284 + 114.2571 log T 
n = 23 DW = 1.48 R^ = 0.84 
Lamb: = 27.67 (1973-75 average) 
Turkey: ~ 48.0 (1973-75 average) 
Mi 1k: = 7.91 (1973-75 average) 
Eggs: = 47.25 (1973-75 average) 
where 
Qnbi = net beef import in million pounds 
Q|^PI = net pork import in million pounds 
Qnce ~ "Gt chicken export in million pounds 
Qnle ^ net lamb export in million pounds 
^NTE ^ turkey export in million pounds 
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'^NMI ~ milk import per capita in pounds 
= net egg export in million dozens 
POP = U.S. population in millions 
BP, INC, and T are defined as before. 
Crop commodity demand by livestock sector 
Feed grains: Grain consuming animal units (GCAU) are obtained from the 
demand for livestock products after adjusting for livestock net imports/ 
exports. Also, the demand for beef, Q-j, can be partially satisfied by the 
slaughter of cull dairy animals. Therefore, the demand for feed grains by 
beef must be reduced to account for the meat production of dairy animals. 
Procedures given in (86) are used to estimate dairy animal slaughter. The 
conversion factors used to convert pounds of livestock products or dozen 
of eggs into GCAU were obtained from the average over 1971-73 period (88). 
Total pounds of livestock products or dozens of eggs produced annually 
were used for dividing the corresponding number of GCAU produced annually. 
The resulting GCAU required per unit of Livestock Product are given in 
Table 43. 
The grain consuming animal unit requirement for horses and mules is 
assumed to remain constant at 1973-75 average of 1.342 million GCAUs. 
Thus, all classes of livestock products converted into one common GCAU and 
summed up to calculate total number of grain consuming animal units. 
Then the total number of GCAUs is converted into corn-equivalent feed 
units which is considered to be the demand for feed grains. The conver­
sion factor to convert GCAUs to feed units is based on the 1970-74 trend 
between feed units and GCAUs: 
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Table 43. Conversion factors to convert different livestock product 
quantities in grain consuming animal units 
Livestock 
class Unit 
Grain consuming animal units 
per unit of livestock 
Beef lbs. 0.00118449 
Pork lbs. 0.00154701 
Chicken lbs. 0.00085035 
Lamb lbs. 0.00063833 
Turkeys lbs. 0.00108174 
Eggs doz. 0.00153211 
Milk lbs. 0.00010842 
FU = 1.618*GCAU 
where FU is feed unit, expressed in tons of corn. Also, 
1 unit of corn = 1.0 FU 
1 unit of barley = 0.90 FU 
1 unit of oats = 0.90 FU 
1 unit of sorghum = 0.95 FU 
1 unit of wheat = 1.05 FU 
1 unit of soybeans = 1.60 FU 
Feed grains demanded by other livestock such as pets and zoo animals 
is obtained from the equation: 
OFU = 5921.9258 - 472.102087T + 63.4930337^ 
n = 23 DW = 2.08 = 0.80 
where 
OFU = feed grains demand by other livestock in thousand tons of feed 
units 
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T = a trend variable 
Thus, total feed grains demand is obtained as the sum of FU and OFU. 
Oil meal: Oil meal fed to livestock is calculated with the equation: 
OLM = 4135.359 + 312.7556T + 0.051087GCAU 
where 
OLM = the oil meal fed to livestock in thousand tons of feed units 
(1 unit of soybean meal =1.65 FU) 
GCAU and T are defined as before. 
Silage: The demand for silage is estimated with the following equation: 
SIL = 1.355(GCAUg + GCAU.) + 3628T 
where 
SIL = the silage demand by livestock in thousand tons 
GCAUg = grain consuming animal units of beef in thousands 
GCAUj^ = grain consuming animal units of milk in thousands 
T = a trend variable 
Appendix A2. Estimated Equations to Project the Intercept 
Terms of the Demand Functions for 1985 
Barley: d^ = 0.697705 + 0.000698T 
n = 21 DW = 1.65 pf = 0.70 
Corn: d. = 1.563171 + 0.027575T 
(0.0474) (0.0037) 
n = 21 = 0.75 
Oats: d- = 0,997417 - 0.051271T + 0.001151T^ 
(0.0205) (0.0043) (0.0002) 
n = 21 = 0.97 
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Wheat: d, = 3.589571 - 0.068588T + 0.001877T 
^ (0.0333) (0.0070) (0.0003) 
n = 21 DW = 1.54 = 0.04 
.2 
Cottonseed oil: d^ = 30.152531 - 1.934953T + 0.058402T 
^ (3.9547) (0.8328) (0.0373) 
n = 20 DW = 1.91 = 0.42 
2 
Soybean oil: d. = 12.147578 + 2.476808T 
^ (5.3314) (0.4246) 
n = 21 DW = 1.61 R^ = 0.64 
where 
d^ = per capita intercept level for the ith crop, i = 1, 2, ..., 6 
T = a trend variable 
The set of estimated demand equations based on total U.S. population 
of 233.2 million for the year 1985 is: 
^6x1 ^6x1 °6x6'P6xl 
where 
167.913561 1 
570.307157 
124.848051 
d = 
773.478460 
6538.410996 
21315.74721 
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-5. 584440 0.006296 0.000700 0.009561 0.525400 0.256986 
0. 005830 -7.200750 0.039644 0.618913 0.370322 0.006063 
D = 
0. 000201 0.008395 -0.356330 0.023087 0.013759 0.013992 
0. 008862 0.373353 0.056901 -4.999108 0.007462 0.564344 
0. 004897 0.182362 0.027984 0.460337 -48524.7224 26818.6996 
0. 013059 0.471064 0.072059 1.182557 68755.7552- 55900.1388 
Also 5 D is a negative semi -definite matrix. 
= demand for ith crop commodity in mill, of bushels, i = 1 for 
barley, 2 for corn, 3 for oats, 4 for wheat 
qg = demand for cottonseed oil in mill. lbs. 
qg = demand for soybean oil in mill. lbs. 
p^ = price of ith crop commodity in dollar/bushel, i = 1 for barley, 
2 for corn, 3 for oats, 4 for wheat 
Pg = price of cottonseed oil in dollar/lb. 
Pg = price of soybean oil in dollar/lb. 
Appendix A3. Estimated World Crop Production Equations 
Wheat: WP , = -14149834.0954 + 7309.7119T 
^ (1363582.4434) (692.8746) 
n = 22 DW = 2.03 = 0.87 
Feed grains: WP. = -15364569.7132 + 7934.6140T 
^ (726825.0261) (369.3202) 
n = 22 DW = 2.44 = 0.96 
Soybeans: WP = 126062351.3489 - 128435.6692T + 32.71411^ 
^ (11684012.3991) (11874.0503) (3.0168) 
n = 22 DW = 1.34 R^ = 1.34 
where 
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WP^, WP^, and WP^ are total wheat, feed grains, and soybeans produc­
tion in the importing nations in 1000 metric tons of feed units 
T = a trend variable. 
Selected importing nations of wheat, feed grains, and soybeans are based 
on (60). 
Estimated export equations for U.S. crop commodities 
Wheat: EXP = 7.80075 - O.OOOllWP + 0.01361WP0P + 12.78331DUM 
^ (12.7185) (0.00004) ^ (0.0068) " (2.8237) 
n = 19 = 0.82 
Feed grains: EXP^ = -66.6489 - 0.000183WP^ + 0.04445WP0P^ + 17.9421DUM 
^ (22.3969) (0.00009) ^ (0.0141) ^ (4.1396) 
n = 19 = 0.90 
Soybeans: EXP„ = 287061.1545 - 0.00225WP„ + 0.0188WP0P„ - 292.90879T 
^ (148027.6661) (0.00103) ^ (0.0303) ^ (151.3389) 
+ 0.0747121^ 
(0.0387) 
n = 20 = 0.97 
where 
EXP^., i = w for wheat, f for feed grains, and s for soybeans (oil 
meal and beans) are the total net export levels of these crops 
in million tons of feed unit 
WPOP^. is the total population in the importing nations of the ith 
crop where i = w for wheat, f for feed grains, and s for 
soybeans 
WP , WPf, WP_, DUM, and T are defined as before. 
In the beginning, prices with different specifications (e.g., U.S. 
export prices, per unit value of export) were included as arguments in the 
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model. They, however, were dropped in the final runs because of their 
insignificant impact on U.S. export levels determined on the basis of 
statistical tests. 
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APPENDIX B. DERIVATION OF SPECIAL VARIABLES 
Derivation of the Special Variables (Sy) for six Crop Commodities 
whose Demand Functions are Endogenous to the Present Model 
For six commodities, their demand functions can be written as: 
r 
^1 "^ 01 
-
-an a-]2 ... a - jg  "Pl" 
^2 ^02 *21 "*22 ••• *26 P2 
C
O
 
c
r 
^03 
+ 
*31 *32 "  • *36 P3 
^4 ^04 *41 *42 ••• *46 P4 
% ^05 *51 *52 ••• *56 P5 
^6 ^06 *61 *62 ••• '*66 P6_ 
From these demand functions, total revenue (TR) can be derived as: 
6 6 2 5 6 
i=l 
where 
TR = Z d -p. + Z a..p. + Z Z (a.. + a.,)p.p, 
1 1=1 1 i=i j=i+i Ji T J 
a^^ < 0 and a^.j > 0 
Now if (a.. + a-.) = b.., then b.. > 0 and 
* J J * ^ J ^ J 
TR = Z d .p. + Z a..p. + Z Z b..p.p. 
i=l or 1 i=l i=l j=i+l J 
From the last part of this equation, now suppose 
Rl = bi2P-iP2 + b^gP^Pg + bggPgPg 
then we can find a-j, Og» ^id such that 
= b^g, oi-ja^ = b^g, and agO? = b 23 
thus. 
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«1 = 
Now, R^ can be rewritten as: 
3 
R"! = 2 ("iP-j + GgPg + G3P3) - J OyPi 
1 - I 
Thus, one special variable (s^ = a^p^ + 0.2^2 + a^Pg) is derived from this 
expression. This special variable takes care of the three cross product 
terms. Thus, 
^1 " I 4 " 7 .?,4Pi 
1 — I 
2 2 2 The terms "-a^p/' can be added to the terms "a^^p/' of the original TR 
2 
equation and be expressed as a^^p^. Repeating this procedure for all the 
cross products, six special variables are created and the TR equation is 
rewritten as: 
^ .^oiPi j!\*iiPi + i^i - i sg + .y • 1—1 1-1 1—0 
where 
^1 °lPl ^2^2 G3P3 + G4P4 •*" G5P5 GgPg 
^2 ^ ^2^2 ^3^3 ^4^4 ^gPg 
53 g^Pg + B2P3 + &3P4 
54 = YiPg + YgPg + YgPg 
55 = G^Pg + ggPs + GgPg 
^6 ^1^4 ^ ^2^5 ^ E3P6 
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|-^12^13^1/2 
^23 2 L a,3 J 3  a ^ 2  
ai^/a-, 
"5 *15/^1 ag a^g/a^ 
[^1/2 
834 J 
3 _ r^23^34-,l/2 
2-
B _ p^24^34-,1/2 q - L-; J 3 023 
r^25^26nl/2 
'-•3a -' 56 
, ['3*56325.1/2 
2 ^ =26 
^ _ r'3^56*26.1/2 
'3 " ^ =25 ^ 
r _ r'^^56^35-,1/2 
2 " 
. _ r*^^56®36-,l/2 
r^45^46n1/2 
L.qA__ -I 
56 
^2 = [- '^^56^45-,l/2 
®46 
_ r'^^56^46-,1/2 
3 "  ^  * 4 5  ^  
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APPENDIX C. ESTIMATED FARM LEVEL REGIONAL 
FARM COMMODITY PRICES FOR 1985 
In Tables 44-46 of this appendix farm level prices for wheat, corn, 
barley, oats, sorghum, and oil meal estimated for 1985 under each of the 
four model alternatives are presented. 
Table 44. Estimated farm level wheat and corn prices for 9 market regions under four model 
alternatives for 1985® 
Wheat (dollar per bushel) Corn (dollar per bushel) 
Model alternatives for 1985 Model alternatives for 1935 
Market region A B C D A B C D 
Northeast 5.64 7.45 4.32 4.90 2.96 3.99 2.76  3 .03  
Southeast 5.60 7.05 3.92 4.51 2.89 3.92 2.69 3.01 
Lake States 5.07 6.74 3.61 4.19 2.56 3.45 , 2.22  2.55 
Midwest 5.24 6.60 3.47 4.05 2.69  3 .62  2 .39  2 .72  
Delta States 5.55 7.01 3.88  4.47 2.94 3.97 2.74  3.07 
Southern Plains 5.57 7.04 3.85  4.50 3.10 4.15 2.92 3.25 
Mountain 4.53 5.74 2.54 3.19  3 .81  4.98 3.75 4.08 
North Pacific 5.32 6.70 3.51 4.15 3.84 5.22 4.32 4.12 
South Pacific 5.14 6.48 3.28  3.93 3.49 4.72 3.93  3.62 
®A11 prices are in 1975 dollars.  
Table 45. Estimated farm level barley and oats prices for 9 market regions under four model 
alternatives for 19853 
Barley (dollar per bushel) Oats (dollar per bushel) 
Model alternatives for 1985 Model alternatives for 1985 
Market region A BCDABCD 
Northeast 3.05 3.83  2. 43 2. 78 1. 62 2. 16 1. ,19 1. ,61 
Southeast 2.49 3.39  2. 16 2. 51 1. ,62 2. 15 1. ,34 1. ,60 
Lake States 2.33  3.00 1. 59 1. 95 1, ,24 1. 65 0, .84 1, .09 
Midwest 2.26  3.08 1. 86 2. 21 1, ,36 1. 81 1, .00 1. .25 
Delta States 1.77 2.61  1. 53 1. 73 1, .48 1. 98 1 .18 1, .45 
Southern Plains 1.68 2.42 1. 66 1. 66 1 .69 2. 24 1 .44 1 .69 
Mountain 2.97  3 .63  1. 67 1.  93 1 .96 2. 56 1 .93 2 .10 
North Pacific 3.62 4.42 2. .46 2. ,72 2 .52 3. ,28 1 .73 2 .18 
South Pacific 3.07 3.73  1, ,77 2. ,04 2 .39 3. ,11 2 .37 2 .65 
^All prices are in 1975 dollars.  
Table 46. Estimated farm level prices for sorghum and oil meal for a market region under four model 
alternatives for 1985^ 
Sorghum (dollar per bushel) Oil meal (dollar per cwt) 
Model alternatives for 1985 Model alternatives for 1985 
Market region ABCDABCD 
Northeast 3.10 4.12 2.63 3.09 12.96 16.90 9.59 11.21 
Southeast 3.08  4.10 2.61  3.07 12.54 16.37 9.05 10.67 
Lake States 2.74 3.68  2.19 2.66 12.37 16.09 8.78 10.39 
Midwest 2.83  3.80 2.31  2.77 12.25 15.94 8.62  10.24 
Delta States 3.11 4.14 2.65 3.12 12.68 16.52 9.21 10.83 
Southern Plains 3.12  4.15 2.66  3 .12  12.49 16.22  9.16 10.72 
Mountain 3.55 4.64 3.15 3.62  13 .82  18.12 10.63 12.25 
North Pacific 3.85 5.03 3.54 4.01 14.54 18.81 11.61 13.23 
South Pacific 3.78  4.94 3.45 3.92  14.37 18.59 11.38 12.99 
^All prices are in 1975 dollars.  
